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PREFACE

P rolegomenous Catechism

Q What is the purpose and requirement for this publicatiou?
A: The primary purpose of the Laon~ry of Congress effort Is to provide n indepe-ndent audit and

back-up for AFOSR's documentaltli control system, delivering indexed abstracts of all AFOS-
sponwored publications. 11E publicar-on per se accounts for only 5 percent of the cost of the
effort, yet muliipoles Lbe utility by a factlfTO.000.

Q. Is the $726 000 thts project has cost to date a reasonable expenditure of APOSR resrcrrh funds?
A: Yes. USAF ypends 0.7 percent of its R&D budget on triormatioo activities: the total cost of the

Bibýl In 0. 45 percent of the AFVSR -ontract•gmrant budget during the period covered.

QCan the requirement for this pulica•tion be satisfed rmore expeditiously by other means?
A: More expeditiously. yes. More accurately and completely, no.

Q What does this publication accomplish that Is not already provided by a combintion of other
abstracting, indesing and announcement services?

A, Nothing that th, skilled user or librarian ouldn't do for himself, given sufficient time.

Q What is the value of a 6- year old orpnlzatiomally oriented publication to the scientific
community?

A: One operational test of value Is the market place. The Uuperiraden of Documents has sold
almoet 3.000 coples of this publication for a total price nf $18,628.

Q If only AFOSR-sponsored research is repurted, Is the title z•orrect?
A: It was for VoL 1, covering the period from 1950-156 when AFOSRthad the sole speciflo basic

research mission In the Air Force, but ts not strictly correct fer later volumes.

Q What happened to the pictures?
A: Paragraph 25 of "Government Printing and Binding Regulationr' provides that ,uls•rattons

shall not be used in departmental.., publications unless certified to be functional and to relate
entirely to the tranaction of public business." The function of providing charming oases
amongst the bleak windruws of text could not be so certified.

Q Can the need for this publication be adequately demonstrated to higher echelons
7

A: You never know till you try. It Is hoped however that any defense of this ptulct•lon would
start out by emphasizing the independent audit and backstop aspects, then go on to mention
the publication per 1- Im terms of current Congrmasional and White House interest in tech-
nology utillttia7- fe'itnology transfer and freedon of information, and conclude by pointing
out that the important question As not, 'Why is AFOSR doing this?'- but rather "Why do not
more agencies do this?,"

"T7hts Is the sitrh volume of a continuing bibliographic series, and Includes within the
limitations of the law of diminishing returns, abstracts of all technical reports, journal articles,
books., symposium proceedings, and monographs produced and published by scientists suppcrted in
whole or in part by the Air Force Office of Scientific Research during the calendar year 1962.
Previous publicatimion in this series have boWe

Vol. 1 (1950-1956), iss*ed In 1961
Vol. U (1957-1908), isstud in 1964
Vol. MI (1959), issudn 'n905
Vol. IV (1960), !vsued In 1966
Vol. V (1961), tleaed In 1967

ThU Air Force Office of Scientific Resear-!h supports funfhmental research in the five
nstpw o,-erfiftr 4isciplines: physcs, chemistry, engieering sciences (snbsumIng mechanics and
prri- wnon, !Ij suiences (biAk biological and behavioral, but not medical), and arxheiatce
(incAudin:ir ia-ng thl period of this bibliography, the Informatiot, sciences). Thus the publications
abstracted herelc are mufd--discipllsary, their common link being task support by AFOER.

IS



FORLWORD

I It again my pleasure to contribute a foreword to a volume of the Air Force Scientific
Research BibliorAphy. The series is nearly a decade old, prompting me to looi back to 7t5-origins
and to review its purpose and accomplishments. From its inception by Harold Wooster, the Sib haS
bee, off-red as a basic service both to the users of Air Force research, and to those who help-make
the product available to the users. The sheer bulk of the volumes in this series would seem to
assure their use only by the dedicated. However, their comprehensiveness, organization and
indexing ilso assure that the user will be aided in his efforts to identify specific research, or
paper, author, date, reference or contract number.

The decision to begin the series came .rom a sense of responsibility to make freely av2!l-
ab'e, in the form of a comprehensive scientific and technical reference service, the writter results
of research resulting from AFOSR support. Just as we require our scientific investiglors to pub-
lish their results, we feel an equal burden to show the results of our expenditure of pubEc funds in
our support of fundamental research related to Air Force operating needs.

Cataloguing for the first volumE in the series was barely begun in time to assure reasonable
completeness for the early years of AFOSR. The impetus, it is fair to say, came from t•'e exponen-
tial rate of rise in those years of the total Federal rwsearch and developmeat expenditures. The
growth o( Air Force research was somewhat less spectauilar, but none-the-less interesting enough
to justify the bibliographic effort. At that time the sc!entific and technical community found high on
its list of worries the national threat of being overwhelmed with paper, something called the informa-
tion explosion. Whether this threat ever quite developed is questioned by Wooster (1) Then, just
as the nation had suddenly discovered science a few years before, science, it seemed, discovered
documentaiists. The orly hope accordir.g to some analysts of the situation, was to create a vast
central nformation system to put scientists in quick communication with each other, and writh the
users o. their research.

A number of schemes for quick reporting from various central systems fell by the wayside
until most persons concerned were ready to agree that the journal was after all a most efficient com-
munication method for scientific information. It was not as generally appreciated then however, that
quite good systems existed to handle journal articles, and in fact had functioned well for some time.
On closer examination, and after comparison with really centralized systems, as in the USSR, It was
found that the U.S. had some of the best ihdexing and abstracting services for !he world scientific
literature. It was interesting to sce how many subscriptions went to countries with centralized serv-
ices. Somewhat geared up and bolstered by computer techniques, to be sure, our scientific and
technical information systcns today appear to be working well, and furthermore, are published in the
form of books. Documenta.1ists, in the old days known to putter about in musty stacks, have refur-
bished their images and are now information systems specialists, asd include tightly organized sub-
sets of specialized researchers and technicians. No lounger content with their former rear echelcn
roies, they now tell science much that it did not know about what Information is, and what carefully
designed systems can do with it-

The important point to me is that the "best- self-contained information system yet developed
.appears to be a well-organized book, combin'ng compact size with instant accessibility, ease of
reading, and A generally moderate cost.

On the ,ookshelf, volumes one through five measure nearly eleven inches; this !s one of the
few facts on the Vib that Wooster hasn't already provided in his prefaces. This size is still less than
the srmallest desklside computer console, or even the software program instructions for some informa-

uion projects I have seen.

In these days of austere Air Force budgets for research, it is well to ensure that maximum
effective use is being made of available resources. The Diblihgraýphy is a definite step in this direc-
tnon, being the logical starting poin' in any search for research resulth from Air Force support The
Bibliograph has been made as useful an instrument as possible, and is distributed to key centers of
scientific and technical documentation within the Air Force, the academic and industrial commurdlies,
and to seltcted librarifs worldwide, especially in developing nations. Sales through S;perirtendent
of Documents alone are impressive.
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in his quest for better l•nlarwMs' pnckag , Wooster laments the regretahle failure of
engineers to develop a cuddly micrrAtch-., re.der (2). Thids lIlustrats •(ie truism that all kinds ci
requirements are imposed upon toformaticem taitms. many d thts ucireseeabi, by the designers
of those systems. Every effort has been made to make the Biblioua;*r useful and we would liki
to bear from the users how it is being used, how useful it is in prese•i krur, ard how it could be
improved. We are not looking for testimonial&, although these dc serv,- seful puroses in these
days of increasing needs to justify and document research budget requests. We are especially
interested In examples in which this reference service has been ,i' t sn in iffectivel)
eoupling research to application.

William J. Price
Executive Director
Air Force Office of Sciertific Research
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P!REFACE

P rolegomenrus Catechi em

Q What is the purpose and requirement for this publicatfoul?
A: The primary purpose of the Liormrv of Congreýss effort is to provide an independent audit and

bac-tup for AFOSR's documentabow, control system, delivering indexed abstracts of all AFOSR-
sponsored publications. Thc publlcalton per as accounts for only 5 percent of the cost of the
effort, yet multipiles ýhe utility by a facto'fY 000.

q Is the S726, 000 this project has cost to date a reasonable expenditure of AFR).R research funds?
A. Yes. UFAF Ppends 3 7 percent of its R&D budget on tiformation activities- the total cost of the

Bibllogr-apy is 0.45 percent of the AFOSR rontract. grant budget during 'he period covered.

Q C;,n the requirement for this publication be satisfied raore expeditiously by other means"
A: More expeditiously- yes. More accurately and completely, no.

Q- What does this pubhcation accomplish that is not already provided by a combination of other
abstracting, Indexing and announcement services?

A: Nothing that tiL skilled user or librarian cuuldn't do for himself, given sufficient time.

Q What is the value of a 6- year old organizatiorall. orientld publication to the scientific
community?

A: One operational test of v-alue is the market place. The Superizwrndent of Documents has sold
almoet 3,000 copies of this publication for a total price ,if $18, 628.

Q If only AFOSR-sponsored research is repurled, is the title :orrcect?
A: It was for Vol. 1. covenng the period from 1950-IS56 when AFCYSR bad the sole speciflo basic

research mission in the Air Force. but is not strictly correct 41; later volumes.

Q: What happened to the pictures?
A Paragraph 25 of "Government Printing arnd Binding Regulations" provides that 'Illustrations

shall not be used in departmental... publitcations unless certified to be functioral ana to relate
entirely to the transaction of public business." lihe function of providing charming oases
amongst the bleak windrows of teat could vot be so certified.

Q Can the need for this publication be adequately demonstrated to higher echelons'
A: You never know till you try. It is hoped however that any defense of this publcittion would

start out by emphasizing the independent audit aad backs"top aspects, then go on to mention
the publication per so .nc terms of current Congrtssiors l and White House Interest In tech-
nology utilization, Wechnology transfer and freedon of information, and conclude by pointing
out that the important question's not, 'Why is AFOSR doing Libs?" but rather "Why do not
more agencies do this?"

Sc .-p

This is the sixth volume of a continuing bibliographic series, and includes within the
limitations of the law of diminishing returns, abstracts of all technical reports, journal articles,
books, symposium proceedings, and monographs produced and published by scientists suppcrted In
whole or in part by the Air Force Office nf Scientific Research during the calen±'tr year 1962.
Previous publicatir-er in this series have boen.

VoL 1 (1950-1956), rssved in 1961
Vol. T1 (1957-l108). rssu-d in 1964
Vol. MII (1959), issuled In !966
Vol. TV (1960), issued in 1966
Vol. V (1961), Issed in 1967

"The Air Forre Office of Scientific Research supports furdamental research in the five
niAj,.),"c•r, tLr disciplnes: physics, chemistry, ergineertng scIences (subsuming mechanics and
prepoiC.Qng, m• si.-lences (bntfh biological ani be-havitoral, but not medical', and ma.thematics
(inct-ldi,, daring the period of this bibliography, the information, sciences). Thus the publications
abstracted hberelt: are mulzi-disciplinary, their common link being task support by AFOSH.
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Sour(ýs Sev rC'b-d

ltefere'nes, reports, and cllY•s to the existence of reports were fourmA by searching the
indexes and reor, collection of the At,- Force Office of Scieatific Resear"'ý Technical Library, and
the collection .d th. Defense Documentation Center. Detailed saarches W -made of each contract
file in the severd A•FSRDDrector~tes. In addition, cavei-t--msver sezrcues were made of over 3W•
scientific lournili issued mostly Irs the time period 1962-1965.

Form of E~r"d Arrangement

inherent in the ot-egnization of this book ie the concept of the reports within a contract ae W1
unaalyzed monagrkphic series. Reports are posted chronologically and/or alphabetically under cmnr
tracts, these in tur-n uner departments oi laboratories, and these unde: contractors. This does, in
fact, provide a roi.d' rsubject grouping, wth tOz detailed subject Index leading into clusters of like
reports.

The abtrcacts are identified by item numbers and are listed unader the numbers in the tndeees.
'r'-e form of entry Is, in g•-,rai, •,at being unoed for DDC catalog cards I. e I source of the document.
title; personal author, If Any; date; pagination; report number: contract number; and accession number.
I-e chief exception to DOC form of entry is that the primary entry Is by the parent organization followed

by the name of the specific laboa.tory or 'mtzortait subdivision.

Avatlahility of ,eporte

7nee principal accession or control numbers, which indicate the locations of reports in col-
lettonb arc-

AD ASTIA Document or Accessioned Document:
(avat i5b l tDDC Defense Documentation Centnr),

Cameron Stiaon, Alexandria, Virginia 22314,

PB Publthlion , ard for sale by the Clearinghouse
T-o' e -gtr.tlf•c and Technical Information
(CFST[), Sills BuiltIing, 52:5 Port Royal Road,
Springfield, Virginia 221St-

""The fact that a report Is abi.racted In this book means that a copy of this repor! existed
at the time the abstract was written; it should not be construed to Imply that either AFOSR or the
L.brary of Congress necessarily has a copy available inr distribution. Those seeking reports should
do jo from the cited agencies, not from AFOSR.

Indices

A detailed subject index, arranged alphabetically, has oeen provided. In addition, there
are a contract index, an AFOSR control rumber index, and a personal author index.
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L. Deets, and Ivan Atkinson; Dr. Knox M1lmsaps and the presen' Lxecut.ve Director, Dr. William
Price. During the. period of compilation of this volume (not the period of the literature covered)
much of the responsibility fcr documentztion within AFOSR was tr-nsferred to the Office of the
Assistant Executive Director for Research Operations, LL Colonel Harry JaW.ers. He, his
admirnstrarlve atseitant for documentatio. JMise Arlene D. Blose, and thetr intermittently
faithful computer have been it. large part responsible for providing the Af\OSR Input to this volume.
Alex Nag-, chief dew'.gner. and staff artiot Pat •ealy, of the Office of Ae.oepace Research, wold
have draw•. the chapter and plates (if they had been permitted to do so).
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Library of Congress, protocol dictates the form and order of acknowledgment of
cont rbutions made by LC staff members to a bibliography. Formally, the credit lines read as
folluws:

"The bibliographic team worked under the guidance and leadership of Dr. Clement
Brown, Head of the SpecitA Bibliographies Section, Science and Technology Ditlvdon throtgh
Decembez 1967. The chief bibliographers have been, Thomas C. Goodwin, Jr., Acting Head of
the Special Bibliographies Section, G. Vernon Hooker, Supervisor of the Air Force Research
Unit through February 1968, Doris C. Yates, Parthenia A. Patrick, Alexia H. Hatch, Joyce F.
Lindsay, and Norman G. Lamb. A special note of gratitude Is due to those who have aided in
abstracting and typing, especially Jeanne D. Weber and Ltllte M. Frye. Recogruition is also due
%.)r the invaluable work In preparation of this manuscript, searching and preliminary cataloging

done by Mrs. Marion S. Carr and Mrs. PhyUis *I, Martlr.-'

Informally, I feel a lreat loss in the retirement of Clem Brown, Scholar above ind
beyond anything that could be written in a job description, and Vernon Hooker, whos, indefitlpgble
h:4li-c•eh• ,•. ,set ?rd sets a haid pace for younger men to follow. St munumentuni rec lris,
circumspice.

Harold Wooster
Director of Information Sciences

Arlington, VW. Air Force Office of Scientific Research
Augost 1968
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AIR FORCE SCIENTI FIC RESEARCH

subsequence -Zni 1 of , Zn verify that if the theorem

Aarhus U (Denmark). holds for the subsequence Zn3 then it holds for , Zn'(so that the subsequence Is in a sense 'characteristic'

ORTHOGONAL POLYNOMIALS IN 2 OR n VARIABLES, for 'Z,) with respect to the convergence property in
by T Busk. Annual summary rept. no. 3, Jan. I- question) and finally prove the theorem for fZnji. As
Dec. 31. 1962, 

6
p. (AFOSR-4713) (AF 61(052)322) a result of analyzing applications of this method, some

AD 408381 Unclassified elementary lemmas of analytic nature have been estab-
lished which may be used to sharpen well known limit

This research has been concerned with the development theorems In the theory of probability. This is Illus-
of a general interpolation formula, valid for an arbitrary trat by deriing strong laws of large numbers for
set of arguments and not only for arguments which are wraghted means of random variables which are rether
intersectIons of sets of parallel hines, and having the uniformly bounded or have uniformly bounded p-th
following properties- (a) the formula should be symmetric (absolute) moments and by proving an extension of the
in ,he arguments, and (b) It should give reasonable re- arc sin law to certain sequences of nonidentically dis-
suits when applied to various special cases. A formula triblted random variables. (Cootractor's abstract)
of this type, developed for n-paint interpolation in

functionr of (n-1; variables, is the following:

n4n X1 X2- ... Xs-lXXsA'._.___.'._._ fxn4
f(X ) - I AX1 0 Xi* Xn (0 S4 XIX2- • XsIXsXs-I . X ' Aberdeen U. Dept. of Chemistry (Scotland)

where the expressions in the fraction denote hyper- CRYSTALLOGRAPHIC STUDY OF Ca2 BaS13 O9 , by
volumes. While attempts to generalize the above F, P. Glasser and L. S. D. Glasser. 11901 [31p. Incl.
formula to cover 4-point interpolation functions of 2 tables. (AFOSR-4066) [AF t,1(052)2761 Unclassified
variables have proved unsatisfactory, more positive
results have been obtained for the development of (I) an Also publshed in Zeitschr. Krist., v. 116: 263-265,
iterative method for the solution of n non-lanear equa- T061.
tions in n unknowns, and (2) an iterativc method for the
solution of an equation in one, complex variable. For abstract see item no. 5, Vol. V.

2 5

Aarhus U. Mathematical Inst. (Denmark). Aberdeen U. Dept. of Chemistry (Scotland).

INVESTIGATIONS ON FLUCTUATIONS OF SUMS OF STRUCTURE OF CALCIUM ALUMINATE,
RANDOM VARIABLES, by E. S. Andersen. Aug. 16, 12CaG.7AI 2 0 3 , byJ. Jeevaratnam, L. S. D. Glasser,
1901 110]p. (Annual summary rept. no. 3) (AFOSR- and F. P. Glasser. 11962] [2p. (AFOSR-4068)
2134) (AF 61(052)42) AD 272185 Unclassified [AF 61(052)276] Unclassified

For symnmetrlcally dependent random variables, a gen- Also published in Nature, v. 194: 764-765, May 26,
eralization of Spitzer's formula is derived. Further-
more, results on Toeplitz matrices and a Law on the
Iterated Logarithm for Maximal Order Statistics are Observed Intensity measurements of 56 x-ray reflections
reported. (Contractor's abstract) from a single rrystal of anhydrous 12CaO. 7A12 0 3 gave

good agreement with intensities calculated from the
3 proposed structure of Bilssem and Ettel (Zettachr.

Krist., v. 95: 175. 1936). This structure with a =11. 98A, space group t4Jd, Z = 2, apparently leavesAarhus U. Mathematical Inst. (Denmark). 2 -surplus- 0 ions per unit cell. The structure is being

CHARACTERIS'IIC SUBEQUENCES AN~D UMIT LAWS refined to locate these 0 Ions. The high temperature

FOR WEIGHTED MEANS, by 0. Barndorff-Nielsen. hydrate fapprox 12 Ca.7A120 3 . H2 0) is also being
july 26, 1962 [15]p. (Technical note no. 6; rept. no. studied to locate the OH" groups.
ASR 3) (AFOSR-3544) (AF 61(052)42) AD 285442

Unclassified
6

Also published in Trans. Third Prague Conf. on Informa-
on Theory, Statistical Decision Functions, Random Aberdeen U. Dept. of Chemistry (Scotland).

Pr'ocesses, I~blice [Czechoslovaidaj (June 5-13, 1962),Prague, Czechoslovak Academy of Sciences, 1964, THE DEHYDRATION OF HEMIMORPHITE, by H. F.

o. 17-27. W. Taylor. [1962] [13kp. incl. diagra. table, refs.

(AFOSR-4249) [AF 61(052)276] AD 105525
In proving limit theorems for sequences : Zn' of random Unclassified

Irtab!es, it Is a standard method to choose a suitable

><
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Als,'_ubllshed ir Amer. Mineralogist. v. 47- 932-944, product and its host, In contrast to epitaxy. In which

J'iv---Ag.-T9•. the correspondence need only be 2-dimensional. Factors
which may influence the degree of orientation include

The thermal dehydration of hemimorphtte tempe,-ature, pressure, physical state, and time and

(Zn 4S•iA(OH) 2 . H20) has been studied by single-crystal rate of heating used to induce thermal changes. '1he
x-ray methods. Loss of the molecular water below sizes and electronegativlties of the cations partly
550'C causes only slight change in the rest of the struc- decide which tons move and which do not. With small
ture. At about 700*C. the hydroxyl water is lost, and ca:tions, i.e., Mg 2 -, Al3., Fe3 ', and Si 4 _, the oxygen
there is an oriented conversion to 8-Zn2StO 4 , below framevork tends to stay relatively unchanged while
960*C there is a second oriented conversion to cations migrate. The number of oxygen atoms in a
v-Zn2S1O 4 or willemite. y-Zn2SiO4 does not appear to given volume tends to remain constant in the regions
be formed. Both orientation relationships have been whete topotactic change occurs. At the other extreme.
established and the unit cell of 8-Zn2StO4 is probably large electronegative cations, i.e., U4 + and Pb 4 ý,
derived from a distorted tridynite- or cristobalite- like probably remain fixed while oxygen atoms move. In
framework in which half of the silicon is replaced by zinc low-temperature reactions of hydrated calcium silicates,
and additional atoms of zinc introduced into suitable calcium migration !s mportant, but reactions occurring
interstices. Possible mechanisms for the 2 oriented above approx 500V take place mainly by migration of
conversions are discussed, and are compared with those silicon, the Ca-O framework staying ,•early unaltered.
known or believed to occur in similar reactionr of silicates In high temperature reactions involving silicon, the
containing other cations. (Contractor's abstract) concept of the silicalc anion as the most important ele-

ment of the structure s not a good starting point fcr an
understanding of these reactions. The packing of oxygen

7 attoms, and of any larg.e catiens present, is more impor-
tant than that of silicon. Caution should be used in

Aberdeen U. Dept. of Chemistry (Scotland). applying these generiflflations to redox processes in-
volving the metal, I. e., FeO ý Fe, because It may be

REACTIONS IN HEATED UME-ALUMINA MIXTURES, incorrect to use toni,: radii. The effects of catalysts
by A. J. Williamson and F. P. Glasser. [1932] [41p. have been little studied. Water seems to catayze
incl. dLagr. table. (AFOSR-JI083) [AF 61(052)276] silicon migration.
AD 422284 Unclassified

Alsopulished in Jour. Apl Chem., v. 12: 535-538, 9
Dec. C 2.

Aberdeen U. Dept. of Chemistry (Scotland).
Results of heating 5 lime-alumitna mixtures for 3-120 hr
at temperatures from 1045 * to 1405 * are presented. The CRYSTALLOGRAPFY OF THE CaGa 2 0 4 POLY.MORPHS.
mixtures were prepared from mixtures of CaC03 (calcite) by J. Jeevaratnam, F. P. Glasser, and L. S. D.
and a-A12 0 3 and also from co-precipitated hydroxide Glasser. [1961] [6b. Incl. tables. (AFOSR-64-0432)
gels. Significant departures from equilibrium were (AF 61(052)276) AD A36369 Unclassified
noted. In general the gel mixtures approached 'be
equilibrium state more rapidly. Unstable 5CaO, IA120 3  Also published in Zeitschr. Krist., v. 18:. 257- 262,
was not detected. Previous interpretations of x-ray dif-
fraction patterns of heated lime-alumina mixtures are Single crystals of the 3 polymorphs of CaGa 2 0 4 have
ahown to be in error. The mechanism of the reaction
cannot be uniquely determined from a study of the bulk been 4tudled. CaG&2 0 4 -1 is orthorl.ombic, with a
reaction prod.cts. (Contractor's abstract) 7.73. b = 9.14, c = 10. 36A; CaGa2 O4 -l1 is orthorhombic

with a = 5.32, b = 1,1.38, c =16.82A: m-CaGa 20 4 is
monoclinic with a = 7.86, b = 8.90, c -10. 55A, 8 = 93'.

8 These cell dimensions do not resemble any of those

Abe.of Ch stry (Scotlad). previcusly reported for other RO - R20 3 compounds.

(Contractor': abstract, modified)
"0ItPOTACT7C REACTIONS IN INO)RGANIC OXY-
COMPOUNDS, by L. S. D. Glasser, F. P. Glasser, and
H. F. W. Taylor. [1962] [f22p. lncL illus. diagrs. 10
tables, refs. (A.OSR-J1092) [AF 61(052)276]
AD 420490 Unclassified AeroChem Research Labs., Inc., Princeton, N. J.

Aleo published in Quart. Rev., v. 16: 343-360. 1962. SUMMARY OF LOW TEMPERATURE PLASMA-JET
RESARCH, ENERGY TRANSPORT IN CHEMICALLY

In topotactic proce.,ees, a single crystal of a starting ACITVE- NONEQUILIBRIUM SUPERSONIC STREAMS.
material Is convert-,' into a pseudomorph containing one by D. E. Rosner. Final rept. Feb. 1962, lip. incl.
or more producta to a definite crystallographic ories: - refs. (Rept. no. TP-39) (APUSR-2202) (AF 49(638)-
dion. For true topotaxy there must be some 3-dimen- 300) AD 273889 Unclassified
stomal correspondence between the structures of the

>2<
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The abstracts of 17 reports and papers are given 13
together with a chronological listing of 18 verbal pre-
sentations made under the spme contract. These con- AeroChem Research Labs., Inc., Princeton, N. J.
tributions aeal with experimental and theoretical aspects
of energy transport In chemically active, nonequlltbrium SCALE EFFECTS AND CORRELATIONS ý' NON-
gaseous streams and represent the results of a 4 yr EQUILTEU IUM CONVECTIVE HEAT TRANSFER, by
program of reearch in this area. (Contractor's abstract) D. E. Rosner. [1962] [6)p. incl. dlagrs. refs. (AFOSR-

J1480) (AF 49(638)1138) AD 427536 Unclassified

11 Also published In AIAA Jour., v. 1:. 1550-1555, July

AeroChem Research Labs., Inc., Princeton, N. J.
The effect of chemical noneqilL.. .n on the dependence

CHEMICAL SCAVENGER PROBE DETERMINATIONS OF of heat flux on physical scale is illustrated for the case
ATOM AND EXCITED MOLECULE CONCENTRATIONS of simultaneou, gas-phase and surlace--catalyzed-
IN NONEQUILIBRIUM SUPERSONIC STREAMS OF atom reconiolnation. Altitude-velocity regimes In which
ACTIVE NITROGEN, by A. Fontltn, D. E. Rosner, and one can expect appreciable chemical nonequilibrium
S C. Kurztus. Aug. 1962 [601p. incl. dlagrs. tables, effects on the heat flux and its scale dependence are
refs. (Rept. no. TP-40) (AFOSR-4626) (AF 49(638)300) displayed and combined with trajectory Information for
AD 296398 Unclassified representative hypersonic vehicles. Approximate but

rather general correlation equations are suggested for
A quartz chemical scavenger probe was developed to the nonequillbrium boundary-layer regime.
study local active species concerntrations In a gas ex-
panded from a (onverging-diverging nozzle glow :its-
charge source. The probe samples a small central 14
portion of the supersonic non-equilibrium jet. Results
obtained with iclve N at one relatively low discharge AeroChem Research Labs., Inc.. Princeton, N. J.
power output are discussed. The sampled gas mixed
and reacted inside the probe with one of the scavenger FUNDAMENTAL SOLUTION TO THE DIFFUSION
gases NO, NH3 , jr C2H4 at 18.8 mm Hg and an average BOUNDARY LAYER EQUATION FOR SEPARATED FLOW

temper)ture of 500*K. The NO light titration technique OVER SOUD SURFACES AT VERY LARGE PRANDTL
and the ",roductton of HCN from C2 H4 set ar. upper and NUMBERS, by D. E. Rosner. [1962 1121p. tnc). diagrs.

tables, refs. (PFOSR-J1481) (AF 49(638)1138)
lower bound respectively for the atom concentration. AD 427537 Unclassified
The observed maximum amount of NO decomposition
was 2. 1 times as large as the NO light titration end Also published In Internat'l. Jour. heat and Mass
point flow rate. This difference is far in excess of that Transfer, v. 6: 793-804, Sept. 1963.
observed in conventional discharge flow systems and is
interpreted as being due to excited N2 molecules reac' ng For abstract see Item no. 17, Vol. VI.

with NO in a reaction slow compared to that between N-
atoms and NO. The contribution of the jet was found to
be at least comparable to that of the N-atoms. A new 15
analytical techniqje for quantitative analysis of the un-
decomposed NO was develooed. Decomposition of INH3  AeroChem Research Labs., Inc.. Princton, N. J.

also showed the presence of excited molecules. The NO
light titration technique can also be used for composition BOUNDARY LAYER ON THE APPARENT KINETICS

measurements of the total supersonic jet. (Contractor's OF SURFACE CATALYSED REACTIONS IN EXTERNAL

abstract, tn part) FOF)W SYSTEMS, by D. E. Rosner. 11962] 17p. incl.

diagrs. tables, refs. (AFOSR-64-0215) (AF 49(638)-
1138) AD 432574 Unclassified

12

Also published in Chem. Eng. Sct., v. 19: 1-17, Jan.
AeroChem Research Labs., Inc., Princeton, N. J. T9-9.

"/HE APPARENT CHEMICAL KINETICS OF SURFACE For ab3tract see item no. 18, Vol. VI.
REACTIONS IN EXTERNAL FLOW SYSTEMS. DIFFU-
SIONAL FALSI-FICATION OF ACTIVATION ENERGY
AND REACTION ORDER, by D. E. Rosner. [1962) 111p. 16
Incl. diagrs. tables, refs. (AFOSR-J1478) (AF 44-
(638)1138) AD 426558 Unclassified AeroChem Research Labs., Inc., Princeton. N. J.

Also, published In A.I. Ch. E. Jour., v. 9: 321-331. RADIATION COOLING OF AERODYNAMICALLY
.%MaTy a-0 HEATED SURFACES AT HIGH MACH NUMBERS, by

D. E. Roener. [1962] [44p. incL diagrs. tables, refs.
For abstract see item no. 14, Vol. V. (AFOSR-64-1893) (AF 49(638)1138) AD 450013

Unclassified
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Aiiu vtblishei in Sue on,%Wc Flow. Chei~cal Proceasses tionial technIques are discussed for diffusional Prandtl
and1Ra~fative Truinsfer. JProc. AGARI) Colloq. J. ed. number3 of order unity as well as for the asymptotic
'iy T-. 13. O1fe and V, ?Zkkay. London, Pergarvion Press, extreme. Tabular values are given of all perrtnent
1264. p. 439- 485. nodimens~onal reactien rate coefficients over the entire

range from reaction rate-to- diffusion control for one-
For abstrakt see item no. 19, Vol. VI. half, first and second order irreversible surface reac-

tions 4slrng a rational improvement of the Frank-

17 Kamnenetski quasi- stationary approximation.

AeroChtxi ResearchiL's Inc.. Princeton. N. J. 19

IJNIiAII"ENTAL SOLUTION Ii) THE DIFFUSION AeroChem Research Labs.,* Inc., Princetonr, N. J.
B~OUNDARY LA YER EQUA7ION FORt NEARLY SEPA-
RATED 21kW OVER SOLID SURFACE AT VERY LARGE RADIATION COOUNG OF AERODYNAMICALLY
PRANDTL NUMBERS, by D. E. Rosner. Nov. 1962, 74p. HEATED SURFACES AT HIGH MACH NUMBERS, by
Intul. 41agrs. tables, refs. (Rept. to-. TP-52) (AF 49- Lt. E. Rosner. Jan. 28, 1962, 48p. Incl. diagra. tables,
(6:48)1138) AD 291031 Unclaaqified refa. (Rept. no. TP-60) (AF 40(638)1138) AD 297233

Unclassified
Also -published in Inte-nat'l. Jour. Heat and Mass
Trasfer, Y. 6, 93-804, Sept. 1963. (AVOSR-J1481; Also publtifed In Supersonic Flow, Chemical Processes

AD 427531) and Gad.a~t1iv Trans-fer; [Pror. AGARD Co~llq. 1. ed. by
D. B. Olfe and V. Zakkay. London. Pergamon Press,

Using the method of self-evi'nl~ir molutions, an exact 1964, p. 439-483. (AFCISR-64-1893; AD 45,0013)
fundamental solution to the equation nf convectxve diffue-ion
io obtained for the case of nearly sepa.-,ated flow over a Seve2-il aspects of radiatioun cooling are discussed.
surface when the Prandtl number is very large compared particularly 'those associated with tne occurrence of
to unity. The driving force for diffusion is assumed tia surface catalyzed atom recombination at high Mach nur.i-
change abruptly from zero to unity at the stre;niwise bers. An analogy between radiation cooling And chemical
location x = and an. arbitrary dietribution of the velocity surface catalysis is explored and the dominant effecte

profile curvature paranmeter (6 2 u, 6 y 0Is allowed resulting from interactions between these two processes
y are illustrated using simple mathematical models which

through the use of the von Mises transformation. An serve to single out in., Important nondimenslornal pa-
integral (profile) method usilne a cubic polynomial for the rameters. In connection with flight applications, alti-
dimensicnless concentyration (temperature) profile is tude- velocity maps are presented which provide an
shown to predict the correct functional form of transfer over-all picture 3f the regimes in which chemical non-
coefficient but overestimates Its magnitude by 3.3%. equilibrium effects .4hould be noticeable. Several unex-
This is more than twice the error of a corresponding plored arma of potential interest in the design of hyper -
Intagral method solution to the nonseparating flow prob- sonic Ilftine vehicles arf outlined and related to the
lem, suggesting once agaln that for a given number of available literature. Not all of these areaa deal with
terms in -,he ap:iroximating polynomial the accuracy of thermochemical effecti.. Many problems remain un'-
profile methods In Veneral deteriorates as one nears solved, as illustrated by a brief discussion of the radla-
separation of the velocity boundary layer. tion- cooled flat plate ( contractor s abstract)

18 20

AeroChem Research Labs., Inc., Princeton, N. J. AeroChem Research Labs , Inc.. Princeton, N. J.

INFLUENCE OF 7BE TURBULENT DIFFUSION SCALE EFFECTS FI)H N3Eqi.IUIBRIUM CON-VEC-
3OUNDA RY LAYER ON THE APPARENT KINE71CS OF 'FIVE HEAT TRANSFER WITH SIMULTANEOUS GAS
SURFACE REAC71ONS IN EXTERNAL FLOW SYSTEMS. PHIASE AND SURFACE CHEMICAL REACTIONS. AP-
by D. E. Rosner July 196Z, 51p. inc. diagrs. tables. PUICATION TO HYPERSNIC FLIGHT AT HIGHf AL7I-
refs. (Rept. no. TP-.50) (AF 49(638)1138) TUDES. by D, E. Rosner. Nov. 1962, 19p. tne. diagro.
AD 291030 Unclassified refs. (Riapt. n~o. TP- 54) (A F 4 9(638)113 8) AD 2910C 2

Unclassified
Also ulished In Chem. Eng. Sci., v. IS- 1- 17, Jan.
T-R TEE-6-25 AD 432574) Conceptual dlisilon of the general problem of non-

equijibrioim conr~ective heat transfer into a transfer
The occurrence of dIffusion boundary layers In the coeffictent and generaliZet. -ecovery enthalpy driving
vicinity of solid catalysts in forced-flow systems c-Auses force fats5 to cenfine the domninant influence of fhi~d
the apparent chemical kinetics of surface reactions to dynamic quantities to the coefficients Lbemselves. T"he
differ from the tree Interfacial kinetics. The magnitade !ievrold's number dopendence of the energy traneport
of this falsification is investigated quantitatively for the rate can exhibit unusual behavior, particularly in the
case of turbulent Incompressible flow within the boundary mixed regime In %hich strongly exothermic gas PhaISc
layer, using the uniform catalytic flat plate as an exam- and surface atom recombination reaction-- are of compa-
pie. Corresponding resulits; for laminar diffusiop layers rable Importance. A class of niannea re-entry bodies
are included for comparison. 'ýeveral distinct romputa- -ill expericnce peak bangrates In al' itwie- spoed
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regions where noneq~utlibrium atomn recombination will available energy Is determined. Representative ca-
ý-e 'he rule. Available calculations Indicate that the peak perimental data is presented and discussed. *The support
heat flux could differ by a factor of three. A controllable mechanism for combustion instability and the cnaracter-
t.-ijectory which hab been optimizpd on the basis of a con- istic behAvior of a perturbation have an interdependency
vective heating rate may be significantly different fromf which must be considered when investigating either
the true optimal trajectory taking due account of non- phenomena. The dlfflcu!ties encountered thus far In the
equilibrium phenomena. It has been conjectured that If development of an experimentally consistent theory for
nonequilibriuni recombination were Included in certain unstable combustiton have been the result of anslytical
design calculations there might exist optimum nose radii se.-artion of these events. To overcome some of the
for minimum heat flux somewhat in analogy to the more deficiencies of exisiting analytical combustfioi models,
familiar case of combined convective and radiative heat the characteristics of an instability, as encountered in
transfer, a large-scale thrust chamber, are being Investigated.

Some of the per'inent information gathered Is presented
and discussed.

21

Aerojet-General Corp., Azusa, Calif. 23

ISOTOPE EF-FECTS AND THE MECHANISM OF Acrojet- General Corp , Azusa. Calit.
ATOM PRODUC71ON IN GAMMIA-IRRADIATED ICE
AT 4. 2ýK, by H. S. Judeikis, J. M. Flournoy, and S. KINE7ICS OF RECOMBINATION PROCESSES. by
Siegel. ;1962j [7)p Inc. diagrs. table. [AF 18(603)- C. B. Kretschmer. Final technical rept. Ap'-. 15,
1101 Unclassified 1959-June 14, 1962, 24p. incl. tables. (Rept. no.

AN-671) (AFIOSR-3200) (AF 49(G38)540) AD 283043
Publtshed in Jour. Chem. Phys., v. 37,' 2272- 22'78, Unclabsified

The relative Intensities of toe electron spin resonance Hat coefficiands Aor foromatioms atmi iNs orNH 'H2
spectra of H and D atoms were determined for mixtures H2 02' He2 *'adA rmaos tmctno
of H 0 and D 0 which were irradiated and observed at free radicals in triple collisions were measured at

2300KC A theoretical evaluation of the rate coefficient
4. 2-K. A careful analysis of the results iisdicates that for diatomic molecule formation in triple collisions
the yield of atoms per unit irradiation dosage exhibits %-As carried out, giving results which agr'..'d well with
n.o isotope effect, except for the system containing trace the experimental values. Rate coefficiunts for several
amounts of 1120 in D20. The presence of a large Isotope bimolecular reactions Involving 0 atoms, N atoms, or
effect for a system of D20 containng approximatcly OH radicals were also determined. A theory of positive
0. 1H120 is discussed in terms of energy transfer In ion ::*ectfion by I.angmuir probes to gas discharge

the solid state. (Contractor's abstract) plasmas -* pressures betwe-en about 0, 1 and 20 mmn Hg
was developed. Dissoctati~e recombination coefficients
of Ar, N, 0, Hg, and Cs molecular- ions wrere deter-

22 mined from probe measurements on gas discharge after-
glows, using this theory to calculate ion concentrations

Aerojet-General Corp. , Azusa, Calif. froi- probe currents. Recombination coefficients ob--
tained in this miann-er agreed well witu values obtained

HfIGH FREQUENCY COMBUSTION INSTABILITY by microwave techniques. (Contractor's abstract)
(Abstract), by R. G. Peoples. 119611 [1l1p. [A F 49-
(6381178', Unclassified

24
Presented at Fourteenth AFIOSP. Contractors' mvseting
on Liquid Rocket Combustion Research, Princeton U., Aerojet- General Corp , Azusa. Calif-
N. Z., Sept. 25-26, 1961. fAFODSR-1768. AD 26~7915)

FINETICS OF TH.REE- BODY ATOM RECOMBINATION,
It has beer demionstrated that the inherent stability of a by C. B. Kretschmer and H. L. Petersen- 11962],17kp.
:ccrbustion process, as related to basic rocketry, io Inc. diagrs. tables, refs. (AFOSR-6406661 (A? 49-
determined by (a) the magnitude and spatial distrib~tion (MS540) AD 435933 Unclassified
of pressure- sensitive energy available for release to a
given perturbation, and (b) the relationship between the Also puoitshed in Jour- Chem. Phys., v. 39: 17 72-
replenishme-. of this energy and the tbehav'or character- T L 7~3
Istics af the perturbation. Recent acti-Aties have been
directed towards tt'e quantitative tnvest igatlon of the For abstract see 'Item no. 26. Vol. VI.
;:,Ara!-neters affecting Inherent stability. A 2-dimensional.
trnsparent.-walled motor was de~signed, fabricated, and

tested to experimentally measdre pressure- sensitive 25
erneri- and to dete mine the effect of %arlations in the
operating parame ers vn ihe magrittide and spatial dis- Aerrjet-General Corp., Azusa, Calif.
tribution of this energy. The combustion mechanism Is
photographically observed to determine Zas velocity and USE OF LANGMUIR PROBIES TO STULDY ION- ELEC-
relative combustion temperature, and as a result, TRON RECOMBIN4ATION, by C. B. Kretscbmer and

>
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H. L. Petersen. [1962j 191p. incl. dtagra. table, refs. where Xe is the electron mean free path. -> the ton(APaOSR-6;4-0667) [AF 49(M63)5401 AD 435912 mobility. Vp and rpare the probe voltage and radius.
Unclassified p r

and b is the probe current per unit length. The plasma
A!opbihed In Jour. Appl. Phys. , v. 34: 3209-3217, is not perturbed because the probe current to supplied

1 . by Ionization occurring at the sheath boundary. Using
this equation, the following values of the dissociative-

For abstract see item no. 27, Vol. VT. recombination coefficlent a In cm sec were obtained

from pulse discharge afterglow measurements:

argon, 3.6 x 10- 7 for high excitation and 1. 4 x I0-

for moderate excitation; oxygen, 2.0 x 10-6- mercury.

Aerojet-General Corp.. Azusa, Calif. 3.5 x 10"6. For nitrogen y was found to be proportional

to pressure and equal to 1.7 x 10-7 at 1 mm Hg. For
KINETICS OF THREE-BODY ATOUM RECOMBINA7ION, cesium the above equation does rot apply, and the value
by C. B. Kretschmer and H. L. Petersen. June 1962,
22p. incl. illus. tables, refs. (Rept. no. AN-625) n ý 1.7 x 10-7 was obtained from experimental results

(AF 49(638)540) AD 283042 Unclassiflea using conventional probe theory. The frequency of
3-body conversion o1 atomic to mclecular I aos was

Also published in Jour. Chem. Phys., v. 39: 1772-1778, found to be 151 sec- for argon and 37 sec for helium.

tATct 183.-hFOSR-94-0666; AD 435933) (Contractor's abstract)

The following values of the 3-body recombination rate

constant in units of cc
2

-Iiol
2
sec were measured at 300 2

Lor 350' Aerojet-General Corp., Azusa, Calif.

N-N-N 2 -N 2  N 2, 8.0x1014,
AN INVES1IGA71iONOF A CHARGED COLLOID

N 0 - N 33 1015 PIROPULSION SYSTEM, by C. K. Hinrichs. Final
Ntechnical rept. May 1959-July 1962. 49p. incl. illus.

H - 71 - H2 -H H2. 8.9 x 1015. diagrs. refs. (Rept. no. AN-683) (AFOSR-3202)
(AF 49(638)656) Unclassfled

The rate constant for the reaction N - 02 - O was

found to be 5 x 10
7 cc.'mol sec at 350K. A statistical- The electrostatic dispersion of low vapor pressure

mechanical calculation of the 3-body recombination rate liquids .nto highly-charged colloidal particles has been

constant gave values which agreed well with the above studied with a view to the application of this pr-ess In

experimental results and also reproduced the previously a charged colloid propulsion system for space applica-
S c

2 
m

2  tions. The liquids were dispersed from various spray
determined value of < 2.5 x 104 cc tool sec for tips that were raised to a high electric potential. The
0 -0 02 - 02 - 02. The large variation in rate atomization of the liquids intc charged colloidal particles

constant for different gases is due mainly to differences can be explained by the repulsion of charges on the

in aomic masses and statistical weights. Redlssociation liquid surface by the high potential of the spray tip. Two

of molecules in high vibrational levels is important In methods of chargi-ng the liquid have been studied--elec-
reducing the net rate (d recombination. At high tempera- tron bombardment and ionic conduction. In the absence
tures. the theory predicts a rate constant varying as of these charging methods the liquid does not form a

T-
1 . colloidal spray but does undergo a pumping action which

may be explained by the weaker effects of dielectro-
phoresis. Charge-to-mass rati.) distributions for the

27 droplets in the spray have been obtained that have aver-
age charge-to-mass ratios varying from 1 coulomb kg

Aerojet-General Corp , Azusa, Calif. to 40 coulombs kg. The average charge-to-mass ratio
obtained was found to increase with increasing conduc-

THE USE OF LANGMUIR PROBES IX STUDY ION- ttvity or spraying voltage or decreasing mass flow rate.
ELECTRON RECOMBINATION. by C. B. Kretschmc" It is expected that the app!l-ation of these effects can
and H. L. Petersen. July 1962. 36p. Incl. diagrs. increase the charge-to- mass ratio to several hundred
table, refs. (Rept. no. AN-664) (AF 49(638)540) to a thousand coulomb kgt and make the technique of elec-
AD 283041 Unclassified trostatic dispersion of liquids applicable to charged

colloid propulsion systems.
Also published in Jour. Appl. Phys., v. 34: 3209-

3217. Nov. 19063. ,AFOSR-64-0667: AD 435912) 23

Between about 0. 1 and 20 mm Hg, ion concentration is Aerojet-General Corp , Azusa. Calif.
related to the current collected by a negative cylindrical
probe by the equation (in pra'tical units) PATE OF SUBUMATION OF AMLONIUM HAUDES, by

)-1 2 -5 
8  1 

415 8 R. F. Chaiken, D. J. Sibbett and others. Mar. 1962
n 1.78 x 101 -I 2 (V r 1241p. incl. diagrs. tables, refs. (Rept. no. TN-43;

e P P (AFOSR-2350) (AF 49(638)851) AD 407709, AD 609814

Unclassified
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Also published in Jour. Chem. Phys., v. 37 2311-2318. on the fast time scale; the 'Irst condition for the re-
No" fs,- moval of such secularities Is Bogolubov's form of the

Boltzmann equation. Generalized conditions for the

The rates of sublimation of amrnmoniun chloride, bromide, attainment by a gas of such a kinetic stage are given.
iodide, and fluoride have been determined by 2 different The difficulty of generalizing the kinetic equation to allow
techniques over the temperature range of 100-600'C, for 3-body effects Is discussed in the light of new devel-
corresponding to an Increase in sublimation rate of opments. (Contractor's abstract)

104 The 2 methods employed were the isothermal rate
of &eight loss using a quartz spring balance, and the hot-
plate linear pyrolysis method. The low activation energy 32

(aboDt one-third the heat of sublimation) found for am-
monium chloride by earlier investigators has been vert- Aeronautical Research Associates of Princeton, Inc., N. J.

fled and found to extend to the other halides. The fre-
quency factor is also abnormally low for the ammowum ON THE RELAXATION OF .,SES TOWARD aONTINU-"4 UM. FLO)W, by J. E. McCune, T. F. Morse, and G.
halides, by a factor of roughly 104, with the exception of Sandr:. (1962i [211p. tncl, dtagr refs. (APOSR-J1038)
fl.orde, for which the factor is only about 500. These (Spcnsored jointly by Air Force Office of Scientific Re-
results are in fair agreement with the Schultz-Dekker seirch under AF 49(638)1140 and Office of Naval Re-
mc(ihanism for ammonium halide sublimation. (Coui- search) Unclassified
tractor's abstract)

Also published in Rarefied Gas Dynamics; Proc. Third
Itnternat'l. Symposium, Paris (France) (June 1962), New

30 York, Academic Press, Suppl. 2. v. 1:. 115-135, 1963.
(AFOSR-5310,

Aerojet- General Corp.. Azusa, Calif.
A new, method for obtaining kinetic equations from ex-

INVESTIGATIONS OF THE MECHANISMS OF DECOM- pansions of the BBGKY hierarchy has been developed
POSITION. COMBUSTION AND DETONATION OF recently by Frieman and ,andri. This method takes
SOLIDS (Abstract), by R. F. Chaiken, D. J. Slbbett advantage of the multiplicity of time scales appearing
and others. [1961j [2Jp. iAF 49(638)8511 naturally In the hierarchy equations, and uses the free-

Unclassified dom of these new time parameters to eliminate secular
terms and thereby render the expansion uniformly valid

Presented at Third AFOSR Contractors' Meeting on for all times. The technique of introducing multiple
Combustion of Solid Propellants. Utah V., Salt Lake time scales is also applicable to the Boltzmann equation
C:ty. Jan. 30-31, 1961. (AFOSR-936) and Its various moments. For a perturbaton in small

spatial gradients at fixed Mach number it is shown that
Brief progress is reported on the following studies: the second and third approximations to the distribution
, rates of sublimation for NH4 CI, NH4 Br. and N H4 1: function necessarily must approach asymptotically the

12, thermal decomposition of small single crystals of famtlar Chapman-Enskog results if the expansion is to

amnmonium perchlorate; (3) grain burning detonation of remain valid for large times. The moment equations

"exlo.Aives (TNT, Tetryl, and PETN); (4) burning rate asymptotically become the Navier-Stokes and Burnett

sutddes of pressed strands of propellant materials, equations hi the corresnonding approximations. This

and (5, the gas phase decomposition of perchloric acid. pattern follows to all orders. The major new result is
to demonstrate the manner in which the various approxi-
mations to the distribution fnction asymptotically

31 approach the Chapman-Enskog values on the fast time
scale. To study in detail how this asymptotic damping

Aeronautical Research Associates of Princeton, Inc., N. J. of transients occurs, the Bhatnager. Gross, Krook
collision model is Investigated, and explicit forms of

A NEW APPROACH TO NONEQWUBRIUM STATISTICAL the transients in the pressure tensor and heat flow vec-
MECHANICS OF GASES, by J. E. McCune. G. Sandri, tor calculated through first order. (Contractor's
and E. A. Frieman. 119621 [13hp. Incl. refs. (AFOSR- abstract)
3718) (Sponsored jointly by Air Force Office of Scien-
ttfc Research under A" 49(638)1140 and Office of Nav-al
Research) AD 287145 Unclassified 33

Also published in Rarefied Gas Dynamics Proc. Third Aeronautical Research Aosociates of Princeton, Inc., N. J,
Internat'l. Symposium, Parts (France t June 1962),
New York, Academic Press, Suppl. 2. v 1: 102-114, THE FOUNDATIONSOW NO'NEQUILIBMUM STATISTICAL
1963. (AFOSR-5312) MECHANICS, I AN`DrI, by G. Sandri. [1962j [86p. Incl.

dtagrs. tables, refs. (AFOSR-64-0136; (Sponsored
A -e&A technique for the study of multiple-time relaxa- jointly by Air Force Office of Scientific Research under
tion processes is applied to the case of a short-range AF 49(63811224 and AF 49(638)1140, and Office of Naval
(neutral) dilute gas. A vinal expansior of the BBGKY Research) AD 431068 Unclassified
hierarchy is combined with an expansion of the time
derivative in such a way that explicit account is taken Also published in Ann. Phys.. v. 24: 332-418, Oct. 1963.
of both the fast and slow processes occurring. This ex-
p-insion is made definite by the removal of secular terms A novel philosophy of Irreversible dynamics Is
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formulated. This philosophy stiems from the claim that 36
the kinetic equations available (•ltzmann, Landau'
Bogollubov-.Lenard) are essentially exact and cannot be Aerorautical Research Inst. of Sweden, Stockholm.
improved. That is, for kinetic gases (those whose be-
havior Is charac'erized by that of one typical particle) AN EXPERIMENTAL AND THEORETICAL INVESTIGCA-
these equations ct.--tit'te closed, statistically complete TIONOF SECOND-ORDER WING-BODY INTERFER-
knowledge. This thesis is demonstrated by using a tech- ENCE AT HIGH MACH N`UMBEP, by P. G. Wilby.
nique that separates completely the different time compo- Aug. lIa62, 16p. incl. illus. dlagrs. (Technical note
nents exhibited by the evolution of a gas when an appropri- no. 6, rept. no. 911 (AFOSR-4587) (AF 61(052)75)
ate parameter 'characteristic of the regime in which the AD 294411 Unclassified
gas is found) is small. The e~pansion in this parameter
is pushed up to Its breasing point marked by the presence The second-order wing-body interference theory of
of an intrinsic divergence. With this technique we can Landahl and Beane is used in the theoretical calculation
pinch off the series at this point and remain with a closed, of the pressure distributions over the wing of a wing-
finite system of equations. The argument is made com- body combination. PRsults are compared with expert-
pelling by the fact thaP the same divergence occurs for mental values obtained from wind-tunnel tests, at a
all gaseous regimes (short-range, weak-coupling, dilute Mach number of 7.35, on a cone- cylinder non- lifting
weak'coupling and Debye). When statistical information body with a triangular wing of wedge section set at inci-
about a gas is needed beyond that afforded by the knowl- dences of 0 , 3. 6' and 10-. It is shown that inter-
edge of the motion of the average particle, a new asymp- ference effects can be vEry large and can be calculated
totic expansion of the LUouville equation must be used. theoretically with good accuracy. (Contractor's ab-
For this purpose a pair-kinetic expansion of the stract)
Llouvtllu equation is introduced.

37
34

Aeronautical Research Inst. of Sweden, Stockholm.
Aeronautical Research Inst. o1 Sweden, Stockholm.

THE FLOW FIELD ABOUT A HEMISPHERE-
THEORETICAL AND EXPERIMENTAL INVESTIGATION CYIUNDER BODY AT A MACH NUMBER OF 7.3, by
OF SECOND-ORDERSUPEISONIC WING-BODY INTER- P. G. Wilby. Nov. 1962, 14p. incl. illus. diagrs.
FERENCE, by M. [T.] ILandahl, G. Drougge, and B. tables. (Technical note no. 7; rept. no. 92) (AFOSR-
[J. ] Beane. [1960] [9)p. Incl. thus. diagram. (AFOSR- 4588) (AF 61(052)75) AD 298668 Unclassified
3438) (AF 61(052)75) Unclassified

A method is presented for evaluating the flow field
Presented at Nat'l. summer meeting of the Inst. around a blunt-nosed body of revolution, from stagnation
Aeronaut. Set., Phenomena of Transonic and Super- pressure measurements and bow-shock shape. Results
sonic Flow Session, Los Angeles, Calif., June 16-19. obtained by applying this method to a hemisphere-
1959. cylinder body at a Mach number of 7.3 are given and

compared with results given by approximate theory.
Also published in Jour. Aero/Space Set., v., 27: 694- (Contractor's abstract)

•: 702, Sept. 19F-.

For abstract see item no. 39, Vol. IV. 38

[Aeronca Manufacturing Corp. Aerospace Div.,
35 Baltimore, Md. j

Aeronautical Researct Inst. of Sweden, Stockholm. ON EXISTENCE AND ON- UNE COMPUTABILITY OF
MINIMAL-COST TIME-VARYING GAIN FACTORS OR

RESEARCH ON -i' REE DIMENSIONAL FLOW OPEN-L.OOP CONTROL PROGRAMS FOR FINAL-
EFFECTS ON THIN WINGS, by G. Drougge. [Final VALUE AUTOMATIC CONTROL SYSTEMS, by R. W.
rept. J Nov. 20, 1962. 5p. incl. refs. (AFOSR-4586) Bass. [1962][111p. (AFOSR-1559) [AF49(638)1003i
(AF 61(052)75) AD 401177 Unclassified Unclassified

A summary is presented of research on the 3-dimen- Let A(t) and K(t) be continuous matrices defined on
sional effects, at high supersonic speeds on thin wings 0 e It< -, and let 0- r <T be any two times. Let x.
due to the presence of another body, generally one to be any vector in En, and define x(t) on 'r ý t - T by
which the wing Is attached. The problems studied were x = A(t)x K(t) c(t), xri' x , where the 'control rune-
the second order wing-body Interference and entropy 0
gradient effects that are experienced by wings situated, tion" ct) is any measurable function defined on
for examole. in the rotational floA field about a blunt- It T ane ouch that the "cost of control" integral
nosed body. (Contractor's abstract) 'T 2

S-I c' ' C(i') d• if finite. Based on the above

theorem, the fo!Ilowing problems are considered:
(1) that of finding a control law c(t) such that x3), = 0,,
and •,, ltnear fe-eback tcntroi where c(t) GOt)x and

[
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the •Ain matrix is any measurable function defined on Published In Phys. Rev. Ltrs.. v. 8. 376-379.

t T such that xIT) 0 holds and

I T 2 da is finite. Two physical principles which dominate the electron-
ion three-body recombination process of capture into
excited states are pointed out and discussed. These

39 principles are used as the basis of a simple general
theory for the calculation of the electron temperature

Aeronca .Manufaczring Corp. Aerospace Div., and the net rate three-body recombination. a. This
Baltimore. Md. theory is used to calculate the '-.due of e in hydrogen at

an electron temperature of 1600 'K, the result agrees

ASPECT1S OF GENERAL CONTIDL THEORY, by R.W. very well with that obtained from the computer program

Bass and P. Mendelson. Aug. 1962. 187p,. (AFOSR- of Bates and Kingston. Calculations of , for several

2754) (AF 49(638)1003) AD 289486 Unclassified other cases are in general agreement with experiment.

An elaborate matrix analysis is developed for use as an 42
effecti e technique for performi .g the numerical calcula-
tions necessary for application of advanced control theory Aeronutrontc [Newport Beach, Calif.
to practical engineering. These new techniques hae
been applied successfully to a variety of multi-dimen- ELECTRON-ION RECOMBINATION IN DISCHARGE
sional linear and non-linear c,..trol synthesis problems. AFTER-GLOWS (Abstract), by S. JR. I Byron, R. C.
A number of necessary and sufficient condttions for the Stabler, and P. [1. 1 Bortz. [1962] 11ip. [AF 49f638)-
stability of linear control systen systems -ave been de- 670] Unclassified
-'eloped, using Liapunov's direct method, i, Av have been
used to derive several oynthesis procedures for the Presented at meeting of the Amer. Phys. Soc..
selection of gain vectors ensuring stability. It is shown Washington, D. C., Apr. 23-26, 19C2.
that if a linear system with one undetermined gain vector
satisfies a so-called condition of ' controllability", then Published in Bull. Ame- Phys. Soc., Series It, v. 7:
ior every possible choice of characteristic roots of the 328, Apr. 23, 19(2.
system, there exists precisely one gain vector, which,
if chosen, causes the system to have the chosen roots. The rate-limiting factors in the collistonal recombina-
Further it is shown how this gain vector can be computed tion of electrons and tons in discharge afterglows are
directly by a single matrix inversion. Among other (1) the rate of de-excitation by collisions and radiation
topics discussed are, continuous saturating control of the state for which the total equilibrium de-excitation
syszeni,. discontinuous on-off control systems, general rate has a minimum, and (2) the rate of elastic energy
ncnlinear systems, discontinuous time-optimal control transfer between electrons and ions. The nonequilibrium
of linear plants, and the maaximum principle for synthesis electron temperature and the recombination rate are
of optimal systems, obtained from simultaneous solution of the equations for

the minimum de-excitation rate and the electron energy
balance. The 3-body character of the collisional re-

40 combination and de-excitation process is masked by the
time rate of change of the electron temperature. The

Aeronutronic, Newport tBeach, Calif. net rate of recombination exhibits a 2-body density
2

:ELECTRON-ION RECOMBINAION BY COLLISIONAL dependence (dNe, dt = 0tNe2, where ot is independent of

AND RADIOACTIVE PROCESSES) by S. R. Byron, A. Ney because of the 2-body behavior of the elastic-energy
L Kleder, and W. W. Lawrence. Second Annual rept. transfer rate. Early results of the application of this
Jan 1962, 26p. Incl. thus. diagrs. refs. (AFOSR- theory to recombination in discharge afterglows are
2229; (AF 49(638)670) Unclassified given in the following:

E'q)erimental measu'rements of the time history of the Gas Te(exp)l Ne q (th) *(exp)
1

speed of shock waves generated in the T-tube are pre- 1 1
sented. The results of studies of the physical properties argon 3100 3 x 1012 2 x 10-10 2 x I00
U. highi temperatu-e gases under conditions far from
equlhibrium and studies of the ionization and radiative cesium 2000 5 x 10 4 x 10 3.4 1 10
emission from the quiescent gas prlor to passage of P-eshc .%av .n thI0t2- 10 -1
shock 'ave ,n th, T-ttube are given, mercury 2000 10 3 x 1 2.3 x 10

41
43

Ac rnitrontc, Newpm i Beach, Calif.
Agriculturstl Research Council. Inst. of Animal

ELECTRON-ION RECOMBINATION BY COLLISIONAL Physiolngy [Londoij (Gt. Brit.).
AND RADIA1IVE PROCESSES, by S. L R_ Byron. R. C
Stabler. and P. 1. Bortz. :1962, [41p. incl. diagrs. ieFFECTOF DRUGS ON THE NORADRENALINE
tables, refs. (AF 49(C38;6701 Unclassified CONTENT OF BRAIN AND PERIPHERAL TISSUES

- 9 <



F

AIR FORCE SCIENTIFIC RESEARCH

AND ITS SIGNIFICANCE, by S. Sanan and M. Vogt. 45
[1961] [191p. incl. tables, refs. (AFOSR-3463) (AF 61-
(052)367) Unclassified Agricultural Research Council. Inst. of Animal

Physiology,, London (Gt. Brit. ).
Alsoublished in Brit. Jour. Pharmacol. and Chemo-

"T-fperay v-T8-T -log9-127. Feb. 1962. HYPOGASTRIC NERVE OF THE DOG, by M. Vogt.
'1962] 12p. (AFOSR-J'72) [AF EOAR-62-19]

A study was made of the changes in the noradrenaline AD 407891 Unclassified
content of sympathetic ganglia and brain produced by
a series of drugs. The first section deals with drugs Alsopublished in Nature, v. 197: 804-805, Feb. 23,
which have pharmacological actions on different parts
of the postaynaptic sympathetic neurones. Two of these
drugs, methoserpidine and guanethidine, cause hypo- Longitudinal serial sections were made of the inferior
tension, and the question arose whether this effect can mesenteric ganglia and the hypogastric nerves of dogs
be explained by changes in the noradrenaline content of in an effort to Ascertain where chromaffine tissue, if
the peripheral aympathetic neurones. A second point such was present, might be localized In such nerves.
was to ascertain whether these drugs have any action on Analysis of the tissues revealed large chromaffine
the brain. The actions of the 2 other drugs, the b6dies inside the inferior mesenteric ganglia, but these
nicotine-like compound dirnethylphenylplperazinlum did not extend into the hypogastric nerve. However,
iodide, which stimulates sympathetic ganglia, and small elongated groups of 5-50 chromaffine cells
amphetamine, which stimulates nerve endings, were occurred either within the very core of the nerve or
examined. If this stimulation was accompanied by a loss along its surface underneath the epineurium. These
In noradrenaline from the sympathetic neurone this groups were usually found in the middle part of the
would support the theory that these substances act by nerve, 2 or more cm away from either the lower pole
releasIng noradrenaline. The second part of thl' wora of the mesenteric ganglion or the beginning of the pelvic
is concerned with 2 amine oxidase inhibitors known or plexus. There was no apparent difference in the amount
reputed to raice the noradrenaline content of tissues, of chromaffine tissue in the nerves of young and of
particularly of brain; the object was to test whether there adult dogs. In view of the present interest of pharma-
Is a correlation of such action with effects on behavior. cologists in the hypogastic nerve, the fact should be

kept In mind that this nerve is a complex strurture,
varying in composition from species to species, and

44 not just a bundle of postganglionic fibres.

Agricultural Research Council. Inst. of Animal
Physiology [London] (Gt. Brit.). 46

CHEMICAL AND PHYSIOLOGICAL CHANGES PRO}- Agricultural Research Council. Inst. (A Anmiti
DUCED BY ARTERIAL INFUSION OF DIHYD'9OXY- Physiology, London (Gt. Brit.).
PHENLALANINE INTO ONE CEREBRAL IEJ'SPHERE
OF THE CAT, by R. Dagirmanilar, R. Lavert" and CHEMICAL AND PHYSIOLOGICAL CHANGES PIRO-
others. Jan. 10, 1962 [10]p. incl. tzbles, refs. DUCFD BY ARTERIAL INFUSION OF DIHYDROXY-
(AFOSR-3912) (AF 6I(052)367) AD 289865 PHENYLALANINE INTO ONE CEREBRAL HEMI-

Unclassified SPHERE OF THE CAT, by R. Dagirmanjian, R.
Laverty and others. [1962] [6]p. incl. tables, refs.

Also-published in Jour. Neurochem. v. 10: 177-182, (AFOSR-J843, [AF EOAR-62-19) AD 416500

M--ar. T _J' f-)SR-J843. AD 416500) Unclassified

Dihydroxyphenylalanine (DOPA), 5 - 20 mg, was Also published in Jour. Neurochem., v. 10' 177-182,
infused into one carotid artery of the cats through a Mar. ---.
catheter tied into one lingual arterv. When dilation of
the pupil (anaesthetized cats) or encephalographic For abstract see item no. 44, Vol. VI.
arousal (cerveau isole preparation) had developed on the
side, of the infusion, r'.e brain was removed and cats-
cholamine estimations were carried out in different 47
regions of the 2 cerebral hemispheres. The dopamine
content of the caudlate nucleus was increased on the side Agricultural U., Wageningen (Netherlands).
of the Infusion, often by more than 100%. The dopamine
content of hypothalamus and midbrain- reticular forma- STRONGLY CAROTENOID--DEFICIENT 'HROMATIUtM-
tion of the treated side was increased by a similar pro- STRAIN D CELLS WITH 'NORMAL' BACTERIOCHLORI-
portion. The noradrenaline content of the hypothalamus PHYLL ABSORPTION PEAKS IN THE 800-850 mp
and the midbrain was not raised by the infusion. The REGION, by E. C. Wassink and G. H. M. Kronenberg.
possible relationshtip of chemical and physiological [1962; [2kp. incl. diagrs. (AFOSR-4183) (AF 61(052)-
changes elicited by the Infusion is discussed. (Contrac- 270) AD 632074 Unclassified
tor's abstract)

Als," published in Nature, v. 194: 553-554. May 12.
Tn.
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Cultures of carotenold-deiicient cells of Chromatlum, List of Research Efforts is separated Into 2 major
strain D were prepared by the method devised by groups based on the degree of relevance to the Electric
Goodwin and Osman, using dlphenylAmine (DPA). The Propulsion Program. Group I includes those efforts
bactertochlorophyll absorption max at 850 nw is of the which directly contribute to the electric propulsion work
same ord:'r of magnitude, and in some cases even higher as such. Group 2 comprises the balance of the selected
than that found In normally grown cells of Chromatium, research efforts which contribute somewhat less directly
strain D. The same holds for the pigment-protein to electric propulsion, but which are still positively
complexes, present in extracts of both types, prepared relhted to it. (Contractor's abstract)
by grinding. In ad cases the spectrum shoas the shape
which is usual for Chromatium, strain D, namely, with 50
an 850 mu max about 1. 2-1.5 times as high as the
800 mu max. The spectra of the green cells and their (Air Force Office of Scientific Research. Washington.
extracts tend to show a somewhat decreased 890 nm D. C. I
absorption as compared with normally grown cells.
Observations demonstrate that there is nct necessarily GAS-SURFACE PHENOMENA, by M. Rogers. Apr.
a relation between disappearance of carotenolds and 1962, 139p. incl. illus. dlagrs. table, refs. (AFOSR-
disappearance of the 850 mu bacteriochlorophyll max in 2342) (In cooperation with Johns Hopkins U.,
Chromatium, strain D. Baltimore,. Md.) AD 285845 Unclassified

Presented at meeting on Gas-Surface Phenomena. Air
48 Resparch and Development Command Hq., Baltimore,

Md., Mar. 5, 1956.
Aczr;cultural U.. Wageningen (Netherlands),

This report is based on a transcript of an informal
PHYSICAL AND CHEMICAL STUDIES OF CHL)RO- discussion which brought together scientists from the
PHYLL SYSTEMS, by E. C. Wassink and G. H. M. various disciplines (e. g., fluid dynamics, chemistry,
Kronenberg. -. uly 1,, 1962 [160,p. incl. diagrs. refs. and solid state physics) for an exchange of ideas on new
,AFSR-4904; (AF 61(052)270) AD 414936 concepts in gas-surface phenomena. The main topics

Unclaassfled of discussion were, Historical perspective and orienta-
tion, Viewing the surface. Surface lattice perfection

Study has been made of the absorption spectra of bacterto- and symmetry; Surface layers; Gas state and flow insta-
chlorophyll types in purple sulphur bacteria, as manifest bility: Energy considerations in gas-surface interac-
b% ,often 3; absorption maxima in the near infrared (at tions. The accommodatior. coefficient, Effect of relative
80k. 850, and 890 mq). Evidence for considering these masses and molecular structure on the thermal energy
absorption maxima as due to 3 or more different pigment- accommodation caefficient, Solid-solid adhesion and
prtein complexes is discussed. Preliminary attempts Conclusions and recommendations. it was concluaed
to separate these supposed complexes in their native that advances in understanding gas-surface phenomena
state by dispersing and topagraphtc'•! -nLthcd pruved depend on advances in surface physics and chemistry.
ineffective. Further characterization of the pigment .tince knowledge of the nature of, and details of, a sur-
c~n,plexes in their native state xas made by studying lace is of interest to many diverse fields, a common
certain effects on harvested cells and during growth of forum for the presentation and collection of this knowl-
culltires. The main effects conside,'ed uere light in- edge appears warranted. It is therefore recommended
lensity and light quality, temperature, atmosphere, that a Jeurnal of Surface Physics be created, bo that
cultivation with diphenylamine. depressing carotenoid understanding and perspective obtained in any one area
for•.ation, and a comparison between differential effects concerned with the problem can be rapidly and efficienty
and the extractability of bacteriochlorophyll from the applied in the others.
different complexes by organic solvents with variation in
concentration and duration of exposure. In general the
850 mu peak appeared more sensitive than the 800 mu 51
on-. Preliminary observations suggest that the effect
A r-d light, only absorbed by bacterlocldorophyll, is Air Force Office of Scientific Research, Washington.
about as effective as that also absorbed by carotenoids. D. C.

LONG RANGE RESEARCH IN INFORMATION RE-
49 TRIEVAL. by H. [A. I Wooster. 119621 116jp. incl.

tables. (AFO)SR-4573) AD 428356 Unclassified
Air F-,rce Office of Scientific Research, Washington. D. C.

Also published in Information Retrieval Today. [Proc.
EI.ECTRIC PROPULSION RESEARCH (SURVEY). by o-Ta SyTpiosium, Minnesota U., Minneapolis (Sept. 19-
0 A Berthold and M. W. Slawsky. May 8. 1961 [

3
71

'p. 22. 1962), ed. by W. C. Simonton. Minneapolis,
tc/. tables. (AFOSR-1632) AD 264767 Center for Continuation Study of Minnesota U.. 1963.

Unclassified p. 149-164.

A comprehensive survey and analysis is presented of This piper is based on a National Science Foundation
the research efforts betng conducted by organizations of publication. Current Research and Development in
the Office of Aerospace Research, United States Air Scientific Documentation, no. 10. dated May 19S2,
Force which are considered relevant to the over-all Air which is considered a valuable tool to those running re-
Force program of research in electric propulsion. The search programs in the field of Information retrieval.
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In the 4 yr from Oct. 1958 to Nov. 1952 the publication is directed toward the support of fundamental studies
grew from 76 pages with a total of 55 Items to 383 pages having thr promise of yielding general principles
with a total of 343 items. In the present note the various capable of being applied to Information systems for
chapters are reviewed and analyzed Individually, and specific purposes with poftt to those systems. This
categorized on the basis of the sources sponsoring re- program incorporates both empirical and theoretical
search in the particular field covered by a given chapter. studies ranging f om systems analyses and ad hoc
The discussions cover the following chapter headings: structuring of clissificatlon schedules to inquiries into
(1) Information needs and uses, (2) Information storage the elements of language, human thought and learning
and retrieval, (3) Mechanical translation, (4) Equipment, processes, and logic systems for machine reduction -
(5) Character recognition, (6) Speech analysis and syn- all aimed ultimately toward the better information sys-
thesis, (7) Linguistics and lexicography, and (8) Arti- tern, the better concatenation of men and machines to
ficlal Intelligence, facilitate progress In the advancement and applications

of knowledge.

52
54

Air Force Office of Scientific Research, Washington, D. C.
Air Force Office of Scientific Research. Directorate

LONG- RANGE RESEARCH IN INFORMATION SCIENCES, of Research Analyses, Holloman AFB, Alamagordo,
by H. (A. ) Wooster. [1962] [7p. (AFOSR-5535) N. Mex.

Unclassified
NOTES ON TEST SLED MEASUREMENTS AT THE

Also published in Information Retrieval In Action; Proc. HOLLOMAN TRACK, by G. Hughes and C. D. Leedham.
o--•T---uW.isern Reserve U., Cleveland, Ohio Jan. 1962, 79p. incl. diagrs. tables, refs. (AFOSRi
(Apr. 16-18, 1962), Cleveland, Western Reserve U. DRA-62-1) (AFOSR-2607) AD 276108 Unclassified
Press, 1963, p. 147-153.

The quality of seeing at the Holloman track, oeing
The programs, responsibilities, and problems of the basic to all optical measurement methods to be de-
Air Force Office of Scientific Research in Its role of scribed, has been measured. An analysis of possible
supporting basic research and promoting accessibility of optical systems for yaw, pitch, and roll measurement
information concerning its research are discussed. It ts reported. Based on this analysis, one optical meas-
is suggested that fund-granting agencies should recog- urement method Is proposed for each attitude compo-
nize 2 major responsibilities: (1) to report on the in- nent. The analysis of space time data for test package
ventory of current projects that they are supporting, vibrations is discussed In terms of the spacing of
and (2) to make the results of the research freely avail- velocity measuring points along the track. A method
able. Two major contributions of the Air Force in this is proposed to measure test package velocity rather
area are publication of Basic Research Resumes, which than sled velocity relative to the track. (Contractor's
contains one-paragraph abstracts of all AFOSR and abstract)
Office of Aerospace Research supported projects; and
the Air Force Scientific Research Bibliography, which
gives abstracts of every report, journal article, sympo- 55
slum paper, etc., resulting from research supported by
AFOSR and published during a given pektod. Commen- Air Force Office of Scientific Research. Directorate
surate with its basic research prograw, the Air Force of Research Analyses, Holloman AFB, Alamagordo,
must be concerned with the storage and retrieval of all N. Mex.
forms of Information, as well as the methodology and
techniques necessary for the acquisition, transmission, ON ESTIMATES OF LINEAR FUNCTIONS FOR TIME
evaluation, and interpretation of information. It is sug- SERIES, by J. Abbott, P. Randolph, and J. Rosenblatt.
gested that the groundwork be laid for using the great July 1962, 37p. (AFOSIt'DRA-62-12) (AFOSR-3531)
potential of computers In real time command and control AD 283037 Unclassified
operations, decisIon-making, advanced communication
and Intelligence processing problems. The objective of this analysis is ti establish a pro-

cedure for determining certain linear estimates of time
series data. Since the immediate problem that led to

53 this research was that of estimating velocity from
position and time measuremeztts, this analysis treats

Air Force Office of Scientific Research. Directorate as a special case the problem of estimating veiocity.
of Information Sciences, Washington, D. C. Throughout, the procedures are developed within the

framework of statistical decision theory.
THE AFOSR PIEGRAM IN INFORMATION SYSTEMS
RESEARCH, by R. Swanson. [1962] [10]p. incl. illus.
refs. (AFOSR-4602) Unclassified 56

Also published in Proc. Symposium on Materials Infor- Air Force Office of Scientific Research. Directorate
mation Retieval, Wright-Patterson Air Force Base, of Research Analyses, Holloman AFB, Alamagordo.
Ohio (Nov. 28-29, 1962), p. 116-124. N. Mex.

The AFOSR program in information systems research SIMILITUDE CONSIDERATIONS IN SPACE
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ENVIRDNMENTAL SIMULATION, by T Y. Toong. of the drag-to-weight ratio during descent was ex-
Aug. 1962, 6p. :AFOSRIDRA-62-I6) (AFOSR-3534) pressed in terms of a drag-area factor C. The compt-
AD 293353 Unclassified tations were performed on an analog computer. Graph.l

are presented for velocity, deceleration, dynamic pres-
Simulation of sp.ce environment has been examined on sure, heating rate, total heat, temperatur , and f0r the
the basis of similitude considerations. Examples are limited deceleration case, the drag-area factor, plotted
given to indicate how ,iubgravitational effects can be vs time and/or altitude. The physical equations are
studied in an earth-5ound laboratory. Conjectures are presented and their analog computer mechanization
also made as to possible effects of subgravity on human is discussed. (Contractor's abstract)
locomotion and heart beat. It appears that much under-
standing of the subgravity effects on man can also be
achieved by the use of similitude rules. The similitude 59
considerations presented In this note can also be applied
to the simulation of other more exotic space environ- Air Force Office of Scientific Research. Directorate
mental conditions. (Contractor's abstract) of Research Analyses, Holloman AFB, Alamagordo,

N. Mex.

57 THE ATTACK AND DEFENSE OF TARGETS BY
MISSILES, by W. R. McEwen. July 1962, 39p. incl.

Air Force Office of Sctentt:ic Research. Directorate diagrs. (AFOSR/DRA-62-9) (In cooperation with
of Research Analyses, Ililloman AFB, Alamagordo, Minnesota U., Duluth) AD 282136 Unclassified
N. Mex.

Optimum methods are derived of attacking and defending
STUDY ON STRUCTURAL. FEASIBILITY OF A FLY- targets with missiles under certain assumptions as to
WHEEL ACCELERATOR, by R. F. Askew. May 1962, the number of missiles, antimissiles, and targets.
32p. Incl. diagrs. (AFOSER. DRA-62-5) (In cooperation Both probability and game theory are used in the deriva-
witn Auburn U., Alabama; AD 276568 Unclassified tions, and the results obtained by both methods are

shown to be substantially the same. (Contractor's
To determine the structura.l feasibility of a flywheel abstract)
accelerafor, this study was divided into 3 basic phases.
First, the system was analyzed and configured to deter-
mine that satisfactory operation %as present for all 60
operational conoltions. Second, a stress analysis was
conducted to determine the influence of the centrifugal Air Force Office of Scientific Research. Directorate
forces on the spokes and the -Ims of accelerator. The of Research Analyses, Holloman AFB, Alamagordo,
stress analysis considers the use of materials In the N. Me%.
spokes and in the rim fur the optimization of the weight
distribution in the accelerator. Finally, an energy con- ON THE NONLINEAR YAW MOTION OF A ROCKET
sideration was made for the determination of the power SLED, by G. W. Braun and H. A. Melkus. July 1962,
requirements. The equations derived in the third phase 43p. Inc!. illus. diagrs. table. (AFOSR./DRA-62-13)
combined with the results of the second phase will en- AD 287275 Unclassified
able the designer of a flywheel accelerator to meet all
operational requirements. (Contractor's abstract) Some results are presented of an analog computer

study concerned with the motion of a rocket sled con-
figuration within a prescribed velocity profile. The

58 motion of the sled was sidewise restricted by slippers
running on rails. The dynamic properties of the sled

Air Force Office of Scientific Research. DIrectorate were studied under Idealized conditions; it was assumed
of Research Analyses, Hollom.•n AFB, Alamagordo, that the moving body has only 2 degrees of freedom:
N. Mex. namely, lateral displacement and yaw. The body's

weathercock stability was varied from negative to
STUDY OF SOFT RECOVERY FROM TWO-STAGE positive values as it -,rs assumed that this aerodynamic
VEHICLES. PART II. VERTICAL DESCENT TRAJEC- property Influences the mode of motion. The effects of
"TORIES INCLUDING AERODYNAMIC HEATING. by F. damping and that of play between slipper and rail were
P. Ehni and W. F. Haldeman. May 1962, 141p. incl. studied to obtain indications as to how these parameters
diagrs. (AFOSR DRA-62-7) (In cooperation with Air affect the motion. (Contractor's abstract)
Force Missile Development Center, Holloman AFB,
Alamagordo, N. Mex.) AD 277911 Unclassified

61
Vertical descent trajectories are presented In graphical
form for bodies entering the earth's atmosphere starting Air Force Office of Scientific Research. Directorate
at an altitude of 320,000 ft with entry speeds varying of Research Analyses, Holloman AFB, Alamagordo,
from 35, 000 to 7,500 fps. Two sets of trajectories were N. Mex.
computed: one with fixed drag-area-to-weight ratios
ranging from 10 to .001, and one set, where the drag- A PROPOSED IMPROVEMENT IN OPTiMIZATiON
area-to-weight ratio is varying to achieve reentry with TECHNIQUE FOR N-STAGED ROCKETS, by
deceleratiom limited to 75, 30 and 15 g. The variation
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H. P. Hotz and A. V. Houghtoni, ni. July 1962, 42p. 64
incl. diagra. (AFOSR/DRA-62-14) (In cooperation with
New Mexico U., Albuquerque) AD 287294 Air Furce Office of Scientific Research. Directorate

Unclassified of Research Analyses, Holloinan AFB, Alamagordo,
N, Mex.

In the design of multistaged rockets. ain essential feature
is the optimization of the stages. This report is a rorm- STELLAR SIMULATOR, by W. F. Chambers. Dec.
parlson of the methods of Weisbord iind Schurmann and 1962, 13p. Incl. illus. diagrs. table. (AFOSPRDRA-
the derivation of a new optimization procedure based on 62-22) (In cooperation with Duke U., Durham, N. C.)
the energy rather than upon velocity ;.s in earlier works. AD 292649 Unclassified
The numerical results of this method are compared with
those of the earlier papers and it is shown that higher An analysis is presented which shows the feasibility of
payload energies may be obtained for a given expenditure a system that will reproduce the blackbody radiation
of fuel when the wethod of this report is used. Future spectrum of any star by forming the spectrum of a
refinements and improvements are suggested. (Con- source, choosing the appropriate portions of the fcri-ed
tractor's abstract) spectrum, and recombining the chosen portions into

white light.

62
65

Air Force Office of Scientific Research. Directorate
of Research Analyses, Holloman AFB. Alamagordo, Air Technology Corp.. Cambridge, Mass.
N. Mex.

THE OPTICAL EFFECT OF A DETACHED SHOCK
EFFECT OF PRESSURIZATION ON THE VIBRATION WAVE IN FRONT OF A ROUNDED NOSE WINDOW, by
OF METAL BOXES, by S. H. Crandall. Aug. 1962, R. E. Clapp. May 1962 1471p, incl. diagrs. tables.
lp. incl. diagrs. table. (AFOSRDRA-62-15) (In (AFOSR'DRA-62-8) (AF 29(600)3070) AD 284588
cooperation with Massachusetts Inst. of Tech., Unclassified
Cambridge) AD 284465 Uniclassified

Optical ray-tracng techniques, using air density dis-
An analytical study is made of the vibrations of a sheet tributions provided by NASA, have been used to compute
metal box including the effects of internal pressurization, the optical distortion introduced by a detached shock
These analytical results give partial clarification of ex- wave. A detailed study for the case of a spherical nose
perimental results previously obtained, but certain window at Mach 2 showed that the central portion of the
anomalies still remain. The changes in vibration condl- shock layer was optically equivalent to a thin lens,
tions due to pressurization predicted hy the analytical slightly diverging, located well back of the nose sur-
results are considerably smaller in magnitude than those face. The optical deflection for a ray near the axis
obtained experimentally. (Contractor's abstract) was computed as a function of Mach number for several

nose shapes (sphere, paraboloid, and oblate ellipsoid).
The results showed that over the window aperture the

63 deflection could be kept within a few sec of angle by a
suitable window design. (Contractor's abstract)

Air Force Office of Scientific Research. Directorate
of Research Analyses, Holloman AFB, Alamagordo,
N. Mex. 66

MINIMUM FUEL TRANSITIONS. by J. Thomas. Nov. Alabama U. [Dept. of Physics) University.
1962, 

4
5p. Incl. dlagrs. tables, refs. (AFOSR DRA-

62-21) tIn cooperation with New Mexico State U., SPIN- LATTICE RELAXATION TIMES OF BROMINE
University Park) AD 294359 Unclassified PURE QUADRLPOLE RESONANCES AT LOW TEMPERA-

TURES (Abstract), by R. F. T1psword and W. G.
The problem of finding the optimum method of trans- Moulton. [1962] ilP. 1AF AFOSR-61-43]
ferring from one rocket orbit to another, where the Uncla•'..A.ud
criterion of optimality is that as little fuel as possible be
expanded in the maneuver, is examined. Papers de- Presented at wneeting of the Amer. Phys. Soc.,
vuted to the aspects of this question were reviewed. in Florida State U., Tl`-ýlahassee, Apr. 5-7, 1962.
some cases, several minor calculations in the process
of comparing and contrasting similar papers were car- Published in Bull Amer. Phys. Soc.. Series II, v. 7:.
ried out. Several numerical calculations are suggested 3'•', .iv.3, 1932.
and several questions are asked which, it is hoped, will
be good starting points for future research on this pro- The spin-lattice relaxation times for Br

8 1 
and Br

79 
In

gram. as well as related questions of a more general p-dIbromobenzene and sodium bromate have been meas-
mathematical character. (Contractor's abstract) ured at 4.2cK. The sample was saturated with a large

r. f. power from a regenerative spectrometer and the
growth of the signal amplitude with small power incident
on the sample was observed, It was found possible to
reduce the power well below the saturation level and thus
obtain reproducble data. The signal amplitude increases
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exponentially with time, as would be expected. By a 69

least-squares fitting, T1 = 46 * 2 min for Br79 and American Ii-st. for Research, San Mateo, Calif.

75 ± 3 min for Dr8l In p-dibromobenzene. The data for
NaBrO cannot be fitted by a single exponential, but re- RETEN1iON OF MATERIAL PRESENTED BY

3 AUI'INSTRUCTIONAL PIEGRA..-. WHICH VANISHquire 2 different relaxation times. This phenomenon is A NDLAT VANISH
tentatively ascribed to the fact that impurity relaxation AND WHICH DO NOT VANISH VERBAL CUES, by D.
and quadrupolar relaxation mechanisms may be of the Angele, and AA.(. Lumsdarne. Aug. 1962 1141p. Incl
same order In NaBrO3 at 4.2'K. Preliminary analysis tables, refs. (Research rspt. no. AIR-CI4-8/82-TIQ

s o(AFOSR-3540) (AF 49(638)681) AD 285324

yields relaxation times of 120 and 80 min for Br81 and Unclassified
155 and 85 rutn for Br 7 9 . Relaxation mechanisms, the
temperature dependence, and measurements on individual Subjects' performance on tests of immediate and delayed
Zeeman components are discussed, retention was measured following instruction by 2 ver-

sions of an autoinstructional program: one version
employed vanishing (the successive reduction of stimulus

67 support) and the other did not. Classes cf 4th-, 5th-,
and 6th-grade students served as Ss. No significant

Alfred U. New York State U. Col,. of Ceramics, N. Y. difference between the performance of Ss who had used
the vanishing and the nonvanishing verstous of the pro-

AN ANOMALOUS DISSIPATION FACTOR MAXIMUM gram was found on the immediate test. On the test
IN SAPPHIRE, by N. M. Tallan and D. P. Detwiler. taken 2 weeks after initial training, however, the So
j1962] [7]p. incl. diagrs. refs. [AF 49(638)87] who had used the vanishing version of the program were
AD 416016 Unclassified found to have retained significantly more than Ss who

had used the nonvanishing version. The results are
Published in Jour. Appl. Phys. , v. 34: 1650-1656, interpreted in terms o' the enzcts of ccutext variables
june9f. upon retention. (Contractor's abstract)

The temperature and frequency dependencies of the di-
electric properties of sapphire were determined by 70
guarded measurements within the ranges -160' tW 400°C
and 102 to 104 cps. A broad dissipation factor maxi- American Inst. for Research, San Mateo, Wlif.
mum, exhibiting apparently anomalous behavior, was
observed. Although the frequency at which the maximum RESPONSE GUIDANCE, RESPONSE-TERM
occurred was exponentially temperature-dependent. SIMILARITY, AND TEST TY'PE IN THE LEARNING
activation energy values calculated on the basis of a AND RETENTION OF WORD PAIRS, by D. Anrell and
dipolar relaxation model valied reversibly between .. 2 D. F, Terry. Sept. 1962 (27]p. incl. dlgrs. tables,
and 0.5 ev as a function of vacuum heat treatment at refs. (Research rept. n,. AIR-C14-9. 62-TR)
400'C and of exposure to dry hydrogen, dry oxygen, (AFOSR-3673) (AF 49: .8)681) AD 289296
or moist air. The dissipation factor behavior which Unclassified
would result from 2 alternative mechanisms, Interfacial
polarization and resonance, is discussed briefly on the It was hypthesized that: (1) high cue.ng level would be
basis of the possible existence of variable conductivity more effective than low cueing, (2) the influence of
surface layers and the possible presence of hydrogen cueing would be greater when easily confusable in-
tn the vicinity of dislocations, correct alternatives were present during training than

when less easily confusable alterratives were present.
and (3) training vAth easily confusable alternative re-

68 sponse terms would be more effective than training
with less confisable alternatives when the criterion

[Allied Research Associates, Inc., Boston, Mass. ] behavior required dIscriminating between the correct
response term and the easily corfusable alternatives.

HEAT- BALANCE-INTEGRAL METHOD FOR PULSE- Both immediate and delayed test results bore out the
LIKE HEAT INPUTS, by T. R. Goodman and N. Ullah. first hypothesis. The second hypothesit was confirmed
Feb. 1962, 33p. incl diagre. (AFOSR-2261) (AF 49- by comparisons made on the results of the test coming
(638)839) AD 273118 Unclassified at the end of the acquisition session. The third hypothe-

sis was confirmed for the high and medium cueing levels
The method of the heat-balance integral is extended to but not for the low cuelng level. It was also found that
handle heat condition problems with arbitrary pulse type Ss who took recall tests during training performedheat inputs. A general solution is given using quadratic better on the delayed retention tests than Sn who took

and cubic temperature profiles. The results foi tri- recognition tests during training. It was concluded that
angular and parabolic heat pulses are shown graphically prompting is more effective than anticipating in discrim-
and compared with the exact ones. The temperature- ination training, and that when high probability incorrect
dependent heat flux problem is also briefly discussed. alternatives are presented, eliciting only the correct
(Contractor's abstract) response is efficient training when the cter4 be-

havior involves discriminating among the hign proba-
bility alternatives. (Contractor's abtract, in part)
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71 uerrptor is a work or arn author's name. The reference
number conttInvs the year, mionth, and Item ,'umber.

American Inst. ter Research, Sap. Mateo, Calif. Bibliographical entry contair.i; the author(sj name and
the 'il title of the publicattor. Since WATfl.X, unlike

RESEARCH ON CUEING FACTIORS RELATED TO most machine-made indexes, to L.n annual publication,
PROGRAMMED INSTRUCTION. by D. Angell and A. A. It is -nost suitable to r'etrospectiv- sef ~ch, whereas
Lumsdaine. [Final r.'pt 1 Sept. 1962. 17p- inc. refs. the monthly inde,;es are more iult.%WP for currei.t
(Research. rept no. AIR.Cl4-9-62-TR2) (AFOSR-3704) awar~ness informetion.
(A F 49(638)CB I Unclassifto!d

The experimental work of a project which inveztigaico 74
a number of aspects of cueing theory and practice re-
lated to automated instruction is recapitulated. The~ American Vacuum Soc..* Inc.. Boston, Mass.
main portion of the summary is organivyed into 4 sec-
tions: Survey of cueing methods, Intertrial variations 19611 TRANSACTIONS OF THE EIGHTH NATIONAL
in cueing, IntratrIal varist'onq in cceing, and Response VACUUM SYMPOSIUM COMBINED WITH THE SECOND
guidance and cueing byfeedback. The report contalils INTERNATIONAL CONGRE~SS ON VACUUM SC:ENCE

alist of the reportE, papers, and other direct products AND TECHNOLOGY, VOLUMflS 1 AND 2,Washington,
of the research, giving complete bibliographic ;'eixrences D, C , Oct. IE-i9, 1961. ed. by L. E. Preuss. Newand publication sources. 'Contractor's abstraet) Ycel-, Pergamo'i Press. 1992, 2v. incl. illus. diagra.

tables. re~s. t-loonsored jointly bI' Air Force Office, of
Scientifie Researct, under [?#IPR 62-31. Army Re-

72 search OffIce, and Office of Naval Research)
Unclassified

American Mathematical Soc., Providence, R. 1.
Ap~roximattely 1800 scientists registered for the

MATH EMATICS ADVIVjORY AND EVALUA710N sosslons o! thr combined vacuum symposium ard Inter-
SE WICES. Jan. 19CO-Dec. 1962. (AF 49(638)204) n~ational congress . Adding to sixis number a large

Unclassified group who registered separately for a technical exhibit,

there w'as a total a'lendance of well over 2,000 tech-
This contract -roviies for an evalu.rtion service tW the nilcatl workers, representing approximately 20 nations.Mathiematics and Applied Mathematics Divisions of the Two hundred and one iechnical papers appear In theseMafthmatical Sciences Directorate. Upon request, transactions, Among the topics covered In the 219distingatshed mathematicians review and eiralrate Pro- sessions are: limitations in t1:e attainment of ultra-
matsemavit-cal and frmtheimorancreearfhcontempwr houghe vacudm for.ee druing, cdorptont vacuumimetal

matemtic! de ad te mpotac rovidonesmforar sourcy, sacdfee siudiory youing, adsepio .vacuummgal-
,nAORMathematics Advisory Committee which flow, gauges, thin films, mass spectrometers, diffusion

wei~ts hegeerl iretin f atemtialresearrh, pumps, and getter-iton pumps.
In particular of research supported by 'he Mathematics
and Applied liatthemad,:s Divisions of the Mathematica.
Sciences Directorate. Present membership consists of 75
Prof. M. Ii. Stone. Chairman, anid Profs. S. Bochn~r,
S. Boidsteir. MI. Mo, se, J. L. Walsn and R. L. Wilder. Analytic Services. Inc., Bailey's Crossroads. VIa.

US~ LLNSSOF SOLAR OUTBURST PREDICTION.
73 by B, W. Shore. 11962J E1p Inc!. dlagrs. tables.

(AF 49(636)491) Unclassified
Arnei-%can Soc. of Mechanical Engineers. New York.

Published In ARS Jour., v. 32: 1737-1739, Nov. 1962.
APPLIED MECHANICS RtITIEWS: WADEX WORD AIND- -

AUTIUi INDEN. V'CLU~iE 1", 11.62, by E. A. Because outbursts of charged particles from the sunl
Ripperger, H . oeian oer.1963, 57 6p. constitute a major hazard for space flight, prediction
(AFOSR-35511; :Fporsore, in(ly b) Air Force Office of these events would be useful. An Indiceatlon of the
of Scientific Reepsrch A AFOS R-u3-33] and degree of usefulness may be gained by contrwating the
Office of Nav-.) .ý,earfh' 'Unclassified sae"* flights possible under accurate predtction of

each event with those possible under no prediction
WADEX, a coan',ýer-maf- '-:ii-v. Is an experimental ability. Thts note presents such a contrast, based 3n
information retrieý.; ioro' A o! ApplieQ Mechanics Re- observed solar activity from 1954 through 1961.
yiews. It is a & f~w fon of the previous Key Word (Contractor's abbiract)
Out of Context 1KV_ iidexes, ani has been given the
name WADEX where the letters -'..nd for Word L.
Authors inDEX. This index incorpara-ýes many excellent
features of previously published machine- made indexes
and wherever it differs from others, the alterations
have been made 'e'th specific objectives In mind. Each
entry is composed of 3 parts: (11 descriptor, (2 refer-
ence numbers, and ý3' btviliographl cal entry. The de-
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76 Alsoypublished in Jour. AppI. Phys., v. ' 4:ý 2083-

Arizna St~'U. [Lept. of Mathematics] Tempe.
At 460'C the passage of direct currert 'through ceramic

AItIA 7ALLY 130tNDED J- FRACTIONS, by L. G. Riggs pellets of cerium dioxide containing one weight percent
an~dW T' Scott. 11961],'111p. (AFOSR-64-0205) calcium oxtde caused disftnct volume dlecoloratlons to
(AF AF-OSR-62-310) AD 432567 Unclassified appcar. The current at constant applied bias increased

gradlually from Its int~al value during the formation of
Alssoypublished In Trans. Amer Matl-. Soc., v. 109- the discolored regions, finally reaching a new, stable,

4~-5o. ~higher level if sufficient time elapsed. In the latter
2 2 case, both anode and cathode surfaces were discolored

1fa!n a- a2 - .. and the discoloration extended completely through the
For J-r'in - - - .. that are bidy of a pellet. When Insufficient time was allowed

Z-l- X-b2 - z~b3 - for the current to reach a new, staM.l level, only the
cathode surface %-as discolored and the discoloration

bo~nded. Wadl .1developed a converfence theory. In extended only part way through the material. The dis-
tkis paper analogues of Wall's results have been ob- colorations could always be removed by heating the
tained for a wider class of J-fra:ftions, namely, partially pellets for 1 hr In ai-r at 600'C and the ent ire process
boundtd J-fracttons, whose coefficients are not neces- could be iep-eated many times. These effects are inter-
sarily bounded. (Math. Rev, abstract) preted to indicate that a significant fraction of the

current in this material at this temperature io carried
by oxygen ions wht ch move the anode where they are

77 plated-out leaving reduced, discolored materiat.

Arizona State V. jl~epi. of Physics! Tempe.(Cnrco'abtc)

ELECTRICAL PIPETES OF OXIDES OF9OME 79
LANYHAVIDE RARE EARTH ELEMENTS, by C. 3.
Kevzne. Flnal rept. Feb- 28, 1962, 35p. Inc. illus. Arizona State U. I Dept. of Phys-cs] Tempe.
diagrs. refs. (AFOSR-2230) (AF 49(638)789)
AD 274510 Unclassified ELECTROLYTIC CONDUCTION IN SOLID CERIU)A

OXIDE (Abstract), by C. J1. Kevzrne, E. L. Holverson,
Ele:trical conduction was studied In ceramiz- CeO2 and and R. D. Watson. ['1962i illJp. AF 49(638)789]
Pr203 from room temperatur,- to near 600'C. Meas- Unclassified

urcments were primarily 2-contact direct rurrent typePrsneatm tigothAe.Py.Sc,
although some 2-contact ac measurements were made Waeshingten a., Seatin fthe, Aug r. 27-, 1962.,
on CeO .. Some electrical conductivity effects of de-WahntnUStleAu.2-,19.
parture% from stoichiometry were studied In Pr 2O3 and Published in Bull. Amer. Phys. Soc., Series II, v. 7:

Cures between 400' and 603 0C, the current which flowsI ezween PC electrodes through CeO2 at constant applied Results of electrical measurements carried out betweea
pitnilshowed a decreasing transient. Above 6C0VC, room temperature and 600 C are tentatively Interpreted

the low-bias transients became increasing transients to indicate significant Ionic conduction in solid sintered
and at tnet'mediate biases the tran-sients disappeared. cerium dioxide. The direct current flowing through
The ac resistance and capacitance of CeO 2 ceramic sample pellets between platinum-foil electrodes was
pellet waith PC electrodes were strongly frequency de- studied as a function of constant applied voltage, tem-
p.ende'nt. The ac sa-eresistance decreased with fre- perature and time. Material studied was pure 1,99. q9
quency as did 01 -apacitance. Atllow frequency the ~ )or doped with small amounts of calcium oxidde. The
capacitance became very large and if this capacitance pure-oxide samples showed pronounced decreasIng
w.ere considered to be a bulk material effect it would transitents following application of the voltage. The
correspond to a very larg- dielectric coefficient at magnitude o! this effe--t decreased as the temperature
frequencies nmar 100'C. Sir~tered ceramic pellets of increased to &)VC, and at 730'C it had virtually
Ceo 2 containing 1 i Cat) appeared to exhibit ionic con- disappeared. The addition of calcium oxide results in

duction and electrolysis under the action of an applied great enhancement of conduction. Also, the passage of
dc' potential. (Contractor's abstract) 10-5 to 10-3 C charge at 450'C tnroush the calcium-

doped samples Is accompanied by a decrease of samplet
resistance and the appearance of discolored regions
between the electrodes, The discolored region first
appears at the c'sthode and grows through the sample to

Arizna SateU. Dpt. f Pysic, Tepe.the anode. These general effects are ta~ken to b*
~rt oneStat U.Dep. ofPhyicsTecpe.evidence of polarization due to oxygen-ion migration

ELECTRO)LYTIC CONDUCTION IN CALCIUM-DOPED with blockting at the anode and of reduction due to
SOLID CEMUII OXIE, by C. J. Kevane, E. L. plating-out of oxygen.
liolverson, and R. D. Watson. [ 1962] [S1p. incl illus.
diagrs. rels, (AFOSR-J1099) [FAF 49(638)7891
AD 422261 Unclassified

> 17 <



AIR FORCE SCIENTIFIC RESEARCH

80 parameters. The results presented point toward a
strategy !or the development of z comp:ehensive theory

Arizona U., Tucson, of communication for understanding. (Contractor's
abstract)

DEFINING THE QUERY SPECTRUM-THE BASIS
FOR DEVELOPING AND EVALUATING INFORMATION-
RETRIE'AL METHODS, by J. W. Perry. [1962] [8Jp. 82
Incl. diagre. (AFOSR-64-0563) •AF AFOSR-61-79)
AD 434293 Unclassified Arizona U. Dept- of Physics. Tucson.

Also published in I. E. E.E. Trans. on Eng. Writing TECHNIQUES FOR QUENCHING POINT DEFECTS IN
ai,. . c4-v.'SWS-6: 20-27, Feb. 1963. METAL WIRES. by R. M. Emrick. [1962] [22jp Incl.

diagrs. tables. (AFOSR-2581) (AF 49(638)790)
In designing a retrieval system for technical informa- AD 289122 Unclassified
tlon, consideration of what practical benefits will re-
sult must be weighed against the costs of its operation. The study of point lattice imperfections is greatly en-
Thus, definitions of what queries to the system and what hanced if the formation and motion of the defects can be
responses to them will be most useful in a given re- obseried separately. The quench technique allows the
search, Industrial, or management situation are of great study of point defect fo.-mation and motion under a wide
importance. In such analysts, there are important fac- variety of physical environments, limited mainly by the
tors (such as the actual relation between technological ingenuity of the experimenter. The purpose of this
progress and recorded information) that can be defined paper is to outline some of the techniques which have
qualitatively, but that defy precise study and quantitative been developed through the years. The techniques, for
measurement Corresponding factors in Patent Office the most part hate not been developed by the author.
operations offer the possibility of operatiot.al study.
sinee queries that the Patent exminer must answer have
a similarity to the queries of importance in planning 83
and conducting industrial research and development.
(Contractor's abstract) Arizona U. [Dept. 3f Physics] Tucson.

SOLID STATE REACTIONS UNDER HIGH PRESSURE.
81 by C. T. Tomizuka. [1962] [4jp. incl. illus. refs.

[AF 49f638)790] Unclassilied
Arizona U., Tucson.

Published in Kagaku (Science). v. 32- 539-542, 1962.
COMMUNICATION SYSTEMS. DESIGN AND THEORY,
by J. W. Perry. [19621 [34]p. incl. diagrs. refs. Work on solid state reactions under high pressure is
(AFOSR-64-0564) (AF AFOSR-61-79) AD 434413 reviewed. A list of 12 references to included.

Unclassified

Also ublished in Proc. Filth Annual Inst. in Technical 84
iMiiindistrtAl Communications, Colorado State U.,
Fort Collins (July 1962), p. 110-114. Arizona U Dept. of Physics, Tucson.

The scientific and technological advances of recent EFFECT OF HYDROSTATIC PRESSURE ON THE
decades have been paralleled by continuing increases RATE OF ATOMIC MOVEMENT IN NOBLE METALS,
in the amount and complexity of stlentiflc and technical by C. T. Tomizuka. [1962] [21p. (AFOSR-J565) fSpon-
information. Its effective use is critically important to sored jointly by Air Force Office of Scientific Research
the national welfare, especially to maintaining and ex- under AF AFOSR-C3-105 and Atomic Energy Commis-
panding industrial and agricultural productivity, to de- sion) AD 412680 Unclassified
veloping means for exploring outer space, and to attain-
tig adjustments of iuternational tensions. At the end of Presented at Internat'l. Conf. on Crystal Lattice
World War II, it was apparen;, at least to the more Defects, Kyoto (Japan), Sept. 7-12, 1962.
farsighted, that a severe bottleneck sItuafton had de-
veloped in mcthods for identifying peatinent documents Also published in Jour. Phys ,oc. Japan, v. 18,
in large files and l~braries. Efforts to break this bottle- Suppl. n: 226-229, Mar. 1963
neck during the past 15 yr have made use of various
automatic and semi-automatic devices. Parameters are The measurement Lf self-diffusion rates in single
defined in order to specify simularities and differences crystals of silver at high pressures up to 8KB was
among various document selection methods. These re- carried out in a pressurized argon system. The activa-
sults, expressed in flowchart form, provide a pie- tion volume thus obtained was 90% of the atomic volume.
Ilmimtry mathematical model whose detailed development This value represents the sum of the volume of a vacancy
ti outside the scope of thts paper. The immediate pur- at rest and the volume expansion introduced by the
pose of this mathematical model is to guide the design of migration of a vacancy into a saddle point configuration.
documentation selection systems as well as their admin- This latter quantity was estimated by Emrick in gold by
tration and management. T7 serve this purpose, both measuring the pressure effect an the annealing rate of
requirements to be met as well as circumstances of the quenched-in vacancies in gold. The value of 15%

operation mWt, be analyzed in terms of well-defined of the atomic volume was obtain -d by tins method. If
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it can be assumed that a stin'."Ar value holds for silver, the relative contributions to total Ag' of the reactions
then the static volume of a vacancy in silver is 75 of depending on conditions. The equilibrium constant for
the atomnic volume. It is necessary to perform the •a) ts 8.3 x 10.7 on the mol fraction scale.
quenching experiment under pressure in o,'der to obtain
the static vacancy volume directly. This can be accom-
plished if a sufficiently large quenching rate can be 87
achieved at high pressure. Preliminary experiments

indic-ite that the quenching rate of 104 deg, sec is possible Arkaasas U. Dept. of Physics, Fayetteville.

at the pressure range of 2.5KB to 9KB. In order to A SPECTIDSCOPIC INVFS1IGAIION OF NUCLEAR
increase the quenching rate and remove some difficulties PROPERTIES, by R. H. Hughes. Final rept. June 30,
asjoctated with a dc heating, a pulse heating method is 1962 II0]p. incl. dtagr. (AFOSR-4044) (AF 49(638)547)
being tested. Unclassified

85 reesearch is reported on isotope shift in the spectra
of molybdenum, ruthenium, palladium, and tellerlum.

Arizona U. Dept. of Physics, Tucson. An atomic beam light source was constructed and used

ANOMALOUS DIFFUSION RATE FOR SMALL PENE- to study the fine structure separation in th" 2 2S - 3 2P

TRATION DISTANCE IN COPPER, by D. L. Styris and line of lithium (4 3233A). A pressure scan Fabry-Perot
C T. Tomizul. 119621 flip. Incl. diagr. (AFOSR- interferometer was constructed and used in conjunction
C567) Tomuae 16 jointly by dir agorce.Officeof AS with a photon counter. Three reprlnts of published
J5671 (Sponsored jointly by Air Force Office of Scien- work resulting from •the research are appended. (See

tific Research under AF AFOSR-63-105 and Atomic -

Energy Commissior) AD 407389 Unclassified item nos. 64. 65 in Vol. TV, ard no. 59, VoL V.)

Also published in Jour. Appl. Phys. , v. 34: 1001-1002, 88

It is now possible to determine the tracer diffusion Arksrnsas U Dept. of Physi"s Fayetteville.

coefficient for penetration distances less than one P
micron by employing a chemical sectionitng technique B OLECZATION OF OPT ONICAL RALIAbyON INDUCED

ahtch will be explained in more detail in a future public. BY ELECTRON IMPACTvON HErIUM2 by. ItH. Hughrs,lion Duingthecoa'soof esqg te lwerItm ofR. B. Kay, and L. D. Weaver. [1962] 18]p. incl. diagrs.
tion. During the course of testing the lower limit of ~ e es AORJ9)(FFS-219
diffusion coefficients which can be measured by this table, refs. (AFOSR-297) (AFAFOSR-62-159)

technique. an anomalously small diffusion coefficient AD 408041 Unclassified

was measured for the diffusion of radioactive Zn65 in a Also published in Phys. Rev., v. 129: 1630-1637,
single crystal of Cc..

86 An investigation of the polarij.atlon of the atomic line
radiation induced by electron impact on helium has been

jArkansas U. Dept. of Chemistry, Fayetteville] undertaken. Experimental data have been obtained on
the polarization of several lines as a function of both

OIUDATION OF METALS IN MOLTEN SALTS. SILVER electron energy and pressure. Secomkary excitation
IN SOrIUM CHLO.IDE, by K. H. Stern. :1962] 171p processes, sich as collision of the second kind and
incl. diagrs. table, refs. (AFOSR-3794) (AF 49(638)- radiative transfer (cascade), are found to play an impor-

6531 Unclassified tant role in the polarization. Expressions are derived
for the analysis o! the prebsure effects on the poiariza-

Presented at 137tn Nat'l. meeting 31 the Amer. Chem. tion. Gas-kinetic collision cross sections involving

Soc.. Cleveland, Ohio, Apr. 1960. atoms in excited states have been determined by ob-
serving the depolarization as the gas pressure increases.

Also published In jour. Phys. Chem.. v. 66: 1311-

89

The rate of oxidation of silver In sodium chloride near
900 has been determined under a variety of conditions, Athens U. [Dept. of Physics] (Greece).

W.'hen the rate of 0. transport to the Ag-NaCl interface INVESTIGATION OF HEAT VIBRM¶'POI• IN SOLlDS
is low, the reaction is zero order: when it is high, the BY USING X- RAYS, by A. Theodoesiou. Annual rept.

rate varies as vvFi, indicating a rate controlled by no. 4, Feb. 1, 1960-Jan- 31, 1961 [13]p. Incl. diagra.

the diffusion of products away from the reaction site. tables. (APOSR-840) (AF 61(514):248) AD 622820

Under all conditions the Ag' OW ratio is greater than Unclassified

can bt accounted for by the fcrmatio. nf Ag20. The re- A suitable furnace was constructed enabling the
sults can be accounted for by hypothesizing 2 simultane- annealing of samples in an inert gas stream V to 700"C.

ous reactions. (a) 2Ag - 1 202 - 2Ag .÷ O%, A suitable vacwu-, chamber was constructed to extend
0 the measurements on the Philips gonicmeter at low

!b) Ag . Na. - Ag÷ * Na0. which produce ionic silver, temperature. M masurements wer* carried out on silver
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and gold at low temperature, on lead at high temperature 92
and on platinuum at high and low temperature. E;:peri-
ments were also made on thallium but without success. Atlantic Research Corp Alexandria. Va.
Results are presented in tabular and graphic form.

SOLID PROPELLANT COMBUSTION MECHANISM
(Abstract). by R. Friedman and J B. Levy. [1961]

90 [lp. [AF 49(638)813] Unclasstited

Atlantic Research Corp., Alexandria, Va. Presented at Third AFOSR Contractors' meetinh: on
Comb..stion of Solid Propellants, Utah U., Salt Lake

UNE SHAPES IN THE SPECTRA EMITTED BY A City, Jan. 30-31, 1961. (AFOSR-98Q)
HIGH-DENSITY CESIUM PLASMA (Abstract), by L. W.
Fagg. [1962] [l]p. [AF 49(638).51] Unclassified Mechanism studies of pure ammonium perchlorate (AP)

deflagr-,tion are reported. In view of the strong effect
Presented at meeting of the Amer. Phys. Soc., of pressure on AP flame propagation, gaseous kinetics
Washington, D. C., Apr. 23-26. 1962. is believed to play an important role. Perehlc ric ,cid

vapor is probably a critical species, so its reactivity

Published in Bull. Amer. Phys. Sot., Series 11, v. 7: Is being studied. Nonflow experiments have teen
••i-,,Apr. 23, 1962. conducted in glass and quartz vessels at 200-350WC,

decomposition beirg followed by variation of optical
The spectra emitted from the high-density cesium absorption with time. At least the first half of the

plasmas((- 1016 cma. ccl created by thermal excitation decomposition follows first-order kinetics with half-

in the burning of en 4 :AI and by thernmixtures at lives ranging from minutes to hours. The reaction is
accelerated by light, inhibited by water vapor (a pro-

atmospheric pressure have been studied with a spec- duct), unaffected by inert gas addition or initial pres-
trograph of 5A mm dispersion. The cesium transitions sure of reactant over the range studies, and markedly
ns1 2 - 6Pl 2' 6P3 2 a"d npI "2' rP3 2 - 6s, 2 exhibit accelerated by the Pyrex container surface in the

very asymmetric line shapes; whereas, the 200-250C temperature range (but not above 300 ) unless
nd - 6p 6p transitions are relativelv the surface is specially prepared before each test. In

smr Comao of t e s another series of experiments, th( effect of sample
symmetric. Comparison of the experimental shapes diameter on lower pressure limit of deflagration has
with those predicted by the theories of Griem et al and been studied. Increasing diameter from 4 mm to 25 InTO
of Ecker are made along with a disctssion of the dis- reduces the lower limit only slightly, from 330 psi to
crep',.ncies. Values of the electron density and tempera- 290 psi. This suggests a radiative rather than a con-
ture resulting from the spectrographic observatIons ductive or convective neat loss mechanism. Another
also are presented, technique being explored involves combustion stddies of

pressed AP in which a tiny hole ias been drilled and
filled with organic polymer, the Siole axis being inittall)

91 normal to the flame front. By interrupting the burning,
the a.w-le at the AP-polymer interface can be observed.

Atlantic Research Corp., Alexandria, Va. Under certain conditions a conical AP surface is pro-
duced with the polymer at the vertex, the sine of the

STUDY OF ELECTRON GENERATION BY SOLID cone ha.f-angle corresponding to the ratio of flame

PROPELLANT TECHNIQUE, by R. Friedman, L. W. propagat'on rates without and with the p •iymer-filled
Fagg and others. Sept. 21. 1962. 22p. incl. illus. hole pres-ont. Effects of incident radiation, pressure.
diagrs. tables, refs. (Sponsored tointly by Air Force and hole s.ze on this interaction are being investigated

Cambridge Research Lab.; and Air Force Offfice of
Scientific Research under _F 49(638)651) AD 605175

Unclassified 93

Presented at ARS Conf. on Ions in Flames and Rocket Avco Corp. Avcc-Everett Researct Lab., Everett. Mass.
Exhausts, Palm Springs, Calif., Oct. 10-12, 1962.

HIGH-SPEED INFRARED BOWLMETER, by M. Camac
Also published in Prog. in Astronaut. and Aeronaut., and R. IM. j Feinberg. Mar. 1962 :7 3 ý

p. inc. tilus.
"v. 12: ,-'1963. diagrs, tables. refs. (Research rept. no. 120'

(AFOER-1564) (Spinsored jointly by Air Force
Electron generators functioning by combustion of a Cambridge Research Lab.: and Air Force Office of
cesium nitrate-aluminum pressed charge have been Scientific Research ,nder AF 49(638)CI) AD 275131
developed and test-fired in an altitude chamber. Ther- Unclassified
modynamlc analysis of the sombustion and nozzle-

expansion process shows that about 1020 power electrons AlsoepublishedInp Rev Scient. Instr., .. 33 9b4-972,

are discharged per gram of -harge, the gaseous product Sept. 1962.

containing about 2 mol-% electrons. Spectroscopic
measurements of the exhaust plume at 40 mm Hg abs A new type of heat transfer gauge that operates in the
confirm electron concentrations of this magnitude via presence of highly ionized plasmas and in strong elec-

Stark-broadening of cesium emission lines. Details of tric and magnetic fields ha, been developed. The

generator operation are given, and alternate chemical principle of its operation is to use a thin opaque surface

systems for electron generation are discussed, as the heat transfer element. Aerodynamic and
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radiative heating is applied to I side of this layer, while Nea York, Gordon and Breach Science Publishers,
measrements are made of the change of the Infrared v. 1: 153-1 :6, 1963.
emission from the other side. This system is essentially
a boiometer. Components are described of the heat Electrostatic plasma accelerators which avoid the
trinsfer system and the methods are gien for calibrating space charge limitations of conventional ton rockets
the gauge for heating pudses of long and short duration are described. Additional advantages for these devices
The response of the system to a v'ariety of heat pulses include moderate requirements on magnetic field
,;as calculated. Measurements are presented of the strength, and on power level. Both class!cal and
aerodynamic heat transfer from shock heated air, and anomalous (Bohm type) electron diffusion models are
the response time of the gauge to short heat pulses is considered. Experiments are described which sub-
evaluated. This infrared heat transfer system worked stantlate the existence of the described mechanism for
successfully in the presence of strong electromagnetic momentum transfer to neutral plasmas, The experi-
fields, side wall heat transfer measurements were made ments are in approximate agreement with the anomalous
on the Magnetic Annular Shock T'ube where the tempera- (Bohm type) diffusion model and are in clear disagree-
ture of the hydrogen plasma was in excess of 100,000 -K. ment with the classical diffusion model. The engineer-
Contractor's abstract ing significance of this result and possible approaches

for dealing with It are considered.

94
96

Aco Corp. A-co-Everett Research Lab., Everett. Mass.
'Avco Corp., Ai co- Everett Research Lab., Everett, Mass.

CURR_.NT DISTRIBUTION AND FLOW MODEL FOR
LARGE RADIUS- RATIO MAST, by J. C. Keck, F. [J. PLASMA FLOW IN A MAGNETIC ANNULAR ARC
Fishman. and R:. [E. I Petsctek. Jan. 19C2, 12p. incl. .NOZZLE, by R M. Patrick and W. E. Powers. ;19621
"!Nus. diagrs. (Research rept. no. 117) 'AFOSR-2194) 221p. incl. illuf. diagrs. table. (AFOSR-39011
'AF 49(6381659, AD 27A094 Unclassified (AF 49(638)659) AD 290082 Unclassified

The non-uniform flow in a mnagnetic annular shock tube Also.published in Proc. Third Symposium on Advanced
MAST, with an annular spacing larger than the radius -lVopulslon Concepts. Ctnclnatt;, Ohio 'Oct. 2-4, 1962),

,,f the Inner cylinder is described. Experiments were New York, Gordon and Breach Science Poglishers,
?3nducted in a MAST kith tnrer and outer radii of I and v. 1- 115-136, 1963.
3 in. The speed of the disturbance produced In the tube
.,as found to depend upon the polarity of the discharge. A report is made of an experimental Investigation of
The distribution of current in the tube was determined plasma flow in a magnetic annular arc, emphasizing
.,th probe coils, it too. depended on polarity. With the the flow in the expansion region, in order to study the
.nner electrode positive the current was largely con- characteristics of plasma accelerators. The nozzle
"f:ned to a thin sheet that was s:rong!y canted with re- configurations used are described. t, is shown that a
_,pect to the walls, the inner edge leading. A thicker stable arc can be made in a coaxial configuration with
,urrent sheet that was nearly normal to the tube walls an axial field which produces a steady, azimuthally
•s observed in the ir.verse polarity condition. A uniform plasma, and that plasma flow properties arc
:model is proposed to explain the operation with positive different in a wide angle nozzle, where the plasma swirl
center electrode. The shape of the forward part of the does not dominate the flow. The device used can pro-
"..rrent sheet is calculated by valanctng the magnetic duce an average exhaust velocity corresponding to a
:)ressure behind the sheet with the gas pressure in specific impulse of nearly 600 sec, with an overall
front; the Newtonian approximation is used for the gas thrust efficiency of 251.
pressure. The resulting shape. which is approximately
rarabolic. agrees roughly with experiment It is pro-
p'osed that the dependence of the flow on polarity is 97
assoc:ated with electro- emission problems, and that

n positive operation I x ois carry a substantial part Avco Corp. Avco-Everett Research Lab., Everett. Mass.
! the current. (Contractor's abstract)

CURRENT DLSTRIBUTION IN A MAGNE ITC ANNULAR
SHOCK TUBE, by J. C. Keck. (1962J '31p. Incl. Illus.

r5 diagrs. (AFOSR-65-05'66 (AF 49(538)6391
AD 614212 Unclassified

Avco Corp Axco-Everett Research Lab._ Eierett. Mass.
Also ublished in Phys. Fluids, v. 5_ 630-632,

ELECTROSTATIC ACCELERATION OF NEUTRAL Mayg1962
PLASMAS--MOMEN ThM TRANSFER THROUGH MAG-
NETIC FIELDS. by G S Janes. J Dotson, and T. Very little is known about the exact mechanism by
'Atlson. [1962] i24ip. incl. illus. diagrs. refs. which the magnetic field accelerates the gas in a shock
1AFOSR-3887) (AF 49(638)659) AD 290073: tube. It is the purpose of this note to give a preliminary

AD 405492 Unclassified report of some studies of the shock shape and current
distribution in a magnetic annular shock tube wldch

Also published in Proc. Third Sy.,posium on Advanced may assist in achieving an understanding of the above
"rr-p-snWcffepts, Cincinnati, Ohio (Oct. 2-4. j962). problem, as well as others Involving the dynamic

Interaction of a gas and a magnetic field. The magnetic
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field in the tube was mapped out point by point by Insert- electron heating will be comparable with the anomalous
Ing the probes to axial positions opposite the uv speed diffusion constant - times Mhe ratio of the ton gyro radius

detectors and scanning radially in 1-cm steps across to the total acceleratio, lenth.
the 5-cm gap. It is shown that the current pattern in the
shock tube depends on the polarity of operation. For a

positive (outward) radial current, the thickness of the 100
curren

t 
sheet is -2 cm, while for a negative (inward)

current, It is more than twice As thick. Also, the shape Arcs Corp. Avcr-Everett Research Lab_, Everett, .Mass.

of the current sheet changes when the polarity of opera-
tion ts reversed. For positive operation, the current MAGNETIC ANNULAR ARC, by W. E. Powers and
sheet is severely canted with the inner edge leading the Rt. M. Patrick, M1ay 1962, 33p. incl. illus. diagrs.

outer edge by 1..5 usec in time or 8 cm in space. For table. (Research rept. no. 129) (AF 49(6,38)659)
negative operation the sheet, although not as well defined, AD 409886 Unclassified
is more or less perpendicular to the wills.

Also published in Phys. Fluids, v. 5: 1196-1206,

98

The performance characteristics of an annular-arc
Avco Corp. Avco-Everett Research Lab., Everett, Mass. configuration under the influence of a magnetic field hlve

beer experimentally analyzed, particularly with respect
FLOW MODEL FOR LARGE RADI;S-RATIO MAGNETIC to the effects of tensor conductivi'y and J x B body forces.
ANNUILAR SHOCK- TUBE OPERATION, b F. J. In this device the plasma conditions are such that the
Fishman and H. (E. ] Petschek. [1962112Jp. incl. diagrs. electrical conductivity is insufficient to prevent the dif-
(AFOSR- 65-0694) (AF 49(638)659) Unclassified fusion of the plasma through the magnetic field, I.e.,

the magnetic Reynolds number was small. Experiments
Also published '.n Phys. Fluids, v. 5: 632-633, May were conducted with this device using helium and argon
"T092. at power levels up to 50 kw, magnetic field strengths

to 10,000 gauss, and particle densities of the order of

In this note a model is proposed that explains some 1016 cm
3 

to 10
1 7

/cm
3

. The electron gyrorad3us was
features of the behavior of magnetic annular shock tubes smaller than the electron mean free path, I e.,
of larg, radius ratio as reported by Keck. Topics dis- L r >I wnere.e is
cussed are the shape of the current sheet when the center e e e the gvrofrequency, and e Is
electrode is positive, the speed of this current sheet, the time between collisions for electrons. The Imped-

and the difference between positive and negative opera- ance of the arc in helium was found to vary linearly
tin.., with W ere' The existence of a circulating azimuthal

Hall current was also demonstrated. A yaw probe was
99 employed to measure the angle of the flow due to the

j x B Lorentz forces. A good agreement was found be-
tween the measured rotation in argon and the predicted
value obtained from momentum considerations. (Con-

ANOMALOUS ELECTRON DIFFUSION IN EM-REGION trar's abstract)

PLASMA-ACCELERATION EXPERMENTS (Abstract),
by G. S. Janes and T. WUson. [1962] flp. [AF 49- 101
(638)6591 Unclassified

Avco Corp. Avco-Everett Research Lab., Everett, Mass.
Presented at meeting of the Amer. Phys. Soc.,
Atlantic City, N. J., Nov. 28-Dec. 1. 1962. A REVIEW OF RECENT MHD GENERATOR WORKAT

THE AVCO-EVERETT RESEARCH LABORATORY by
Published in Bull. Amer. Phys. Soc., Series I1, v. 8:., T. R. Brogan, J. F. Louis and others. Mar. 28,
"Nf,-FigT2, 1963. 1962, 20p. incl. illus. diagrs. (AFMSR-2352) (AF 49-

(638)1129) AD 275803 Unclassified
In the EM region, the mean free path and iongyro radius
are larger than the apparatus size, while the electron- Also published in Engineering Aspects of Magneto-
gyro radius and the Debye shielding distance are still •di-djnamlcs, Proc. of Third Symposium, Rochester,
relatively small. Consider cylindrical and annular N. Y. (Mar. 28-29, 1962), New York. Gordon and
geometries with axial electric fields and radia magnetic Breach, 1964, p. 243-258.
fields. Ions will accelerate axially in the electric field,

but the axial drift of electrons is strongly inhibited by Conceptual plant design, electrical properties of gases,
magnetic fl-ids. Circumferential electron drifts consti- generator fluid mechanics and performance, field coil
tute a current that interacts with the magnetic field. Ex- designs, and long duration testing are reviewed. In the
periments substantiate this plasma-acceleration mecha- area of gas properties, the experimentally determined
nism. The magnitude and magnetic field dependence of conductivity of seeded combustion products is in good
the observed rates of axial electron drift are well de- agreement with predicted values In the temperature

scribed by the anomalous I B (Bohm- type) diffusion range between 2300 to 3000'K The study of generator

model and disagree with the classical I B2 diffusion fluid mechanics continued using the Mark TI combustion

model. Analysis indicates the fractional energy loss to generator. Successful operation at Hall coefficients up
to 2 was achieved. Actual periormance of the Mark I1
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generator is discussed. The discovery of high field 104
strength superconducting alloys has important implica-
tions for MM]D pwer generation, as well as for many Avco ':orp. Avco-Everett Research Lab., Everett, Mass.
other MHD devices. There is a brief description of these
coils as applied to MHD generators, together with an ELECTRONIC AND RADIATIVE HEAT TRAINFER
assessment of the economic possibilities they present (Abstract), by M. Camac and R. [M. ] Feinberg. 11962]
for use in a power plant. (Contractor's abstract) [lp. IAF 49(638)1129] Unclassified

Presented at meeting of the Amer. Phys. Soc.,

102 Northwestern U., Evanston, Ill., June 19-21, 1962.

A~co Corp. Avco-Everett Research Lab., Everett, Mass. Published in Bull. Amer. Phys. Soc., Series II, v. 7:

406, JuiTb, 1962.
DEVIATION OF MAST OPERATION FROM ONE-
DIMENSIONAL MODEL, by F. J. Fishman and H. E. An invectigation of electronic and radiative heat trans-
Petschek. Apr. 1962, 2:p. incl diagrs. refs. (Re- fer from plasmas to solid surfaces has been undertaken
search rept. no. 126) (AFOSR-2948) (AF 49(638161 with the use of the infrared heat-transfer gauge (item
and AF 49(C38)1129) Unclassified no. 74, Vol. V). Argon at an initial pressure of I mm

Bg was shock-heated in a chemically driven shock tube.
Also published in Phys. Fluids, v. 5: 1188-1195, Oct. The shock velocity ranged from 3 to 6 mm/Apsec.
1 - AT5.'-'I t-•5- 0567: AD 437164) Plasma and radiative heat transfer behind the reflective

shock was measured at the end plate of the shock tube.
In. the magnetic annular shock tube (MAS7T,, the gas is The degree of ionization of the argon varied from 10 to
pushed axially along the annular space between con- 60%b. The main contribution to the plasma heat transfer
centric cylinders by an azimuthal magnetic field. Stnce was due to the electronic and ionic components which is
a %actum azinitithal magnetic field varies inversely as more than four times that for neutral argon. The mess-
the radius, there is a variation in the driving pressure urements are in good agreement with the theory of
acrobs the annulus, Ahich leads to radial nonuniformities Kemp and Fay. The radiation heat transfer from the
mo the flow. These are analyzed for smail ratios (c) of ionized argon (mainly Kramer's radiation) was also
thc annulus spacing to the radius. This pressure varia- measured, aom which the rate of cooling of the argon
t. n across the annulus at the interface between the by radiation was determined.
plasma and the driving field results in a tilting of the
Interface. This tilting is shown to be completely anal-
ogous to the flou resulting from a dam brerk in shallow 105
,ater theory and is characterized by a wave of propaga-
tion speed ,- p p. The maximum value of t for which Avcý, (orp. Avco-Everett Research Lab.. Everett, Mass.
the tilted current sheet does not catch up with the shock
wz.ve is calculated a: j 14, is suggested that only MASIS EXPERIMENTS WITH A MAGNETIC ANNULAR ARC
with c's smaller than this value produce reasonably (Abstract), by W, E. Powers and R. M. Patrick.
rniform flow regions. Nonuniformities are also produced [1962]1 (1,. [AF 49(638)1129] Unclassified

at the shock front when an azimuthal mnagnetic tield is
present ahead of the shock. These lead to a ronplanar Presented at meeting of the Amer. Phys. Soc.,
shock front whose shape is calculated, and to nonuniform Ncrthwestern U., Evanston, Ill., June 19-21, 1962.
r.nditions in the plasma behind the shock. The nonuni-
formities which persist far behind tte shock are com- Published in Bull. Amer. Phys. Soc., Series 11, v. 7:
puted. these :esults indicate that for l-w -hock Mach 

4
l[lT'IJTine 19. 1962.

n.nibers al_ reclable nrnuniformities In pressure and
temperature exist even for fairly small values of e. The arc consists of two coaxial electrodes separated
(Contractor's abstract) by an annular passwge through which hWliunm or argon

plasma flows with a steady solonoidal magnetic field.
The Impedance of this device was increased due to Hall

103 effects by factor of 25 with the application of an axial
magnetic field. The magnetic Reynolds number was

Avco Corp. Avco-Everett Research Lab., Everett, Mass. small. The interaction between the plasma curreuts
and the magnetic field has produced directed energy

DEVIATION OF MAGNET'C ANNULA.R SHOCK-TUBE comparable to the thermal energy. The plasma was
OPERATION FIKIM ONE-DIMENSIONAL MODEL, by F. rotated in a constant area, uniform field configuration.
J. Fishman and H. E. Psts:hek. [1962] 181p. Incl. A 10* half-angle nozzle was added and plasma properties
diagrs. refs. (AFOSR-65-0567) 1AF 49(638)61 and were measured at the nozzle exit. Recently, a 50* half-
AF 49(638)1129) AD 437164 Unclassified angle nozzle configuration has been studied In which

most of the plasma currents flow in the nozzle. Axial
Alsojnublished in Phyr. Fluids, v. 5- 1188-1195, Oct. energy is produced th-rough the internction of the circu-
"TH2. lating Hall currents and the radial component of the

magnetic field. Stagnation pr.*sures and local electric
For abstract see item no. 102. Vol. VI. potentials were meaarured in the steady flow. Plasma

currents were obtained by measuring the difference be-
tween th. voltage output of 2 identical coils orientated to
give the local magnetic field gradient.
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106 which can be dependably calculated from the measured
shock velocity and the conservation laws. This paper

Avco Corp. Avco-Everett Research Lab.. Everett, Mass is concerned with setting forth the variety of conditions
which c•z•n be reached and the precision and dimensions

SHOCK TUBES FOR HIGH TEMPERATURE GAS of the HGS which can be produced. Diaphragm type
KINETICS, by A. IR. I Kantrowttz. Oct. 1962, 51p. shock tubes are capable of heating gases to temperatures
incl. illus. dlagrs. tables, refs. (Research rept. no. sufficient for the study of all chemical reactions and
141) [AF 49(638)1129] AD 291409 Unclassified many electronic processes. The enthalpy and pressure

of the gas sample can be calculated from the conserva-

Also published in Energy Transfer in Gases, Twelfth tion laws with precision falling from I to 107, moving
hemTi•try_-Con . of the Solvay Institute, Brussels from lower to higher temperatures. The advent of elec-

(Belgium) (Nov 5-10, 1962), ed. by R. Stoops. New tromagnetically driven shock tubes opens up the jossi-
York, Interactence Publishers, 1962, p. 241-285. bility of achieving similar advantages at temperatures

up to millions ot degrees. An assessment is made in

The essential advantage of shock tubes over electrical this paper of the degree to which an HUB has been
discharge devices is the capability to produce a honioge- prodiced in this temperature range.
neous gas sample (HGS) with enthalpy and pressure
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107 110

13aird Atomice, Inc., Cambridge, Mass. Barcelona U. (Spain).

APPLICATION OF THE SENARMONT POLARISCOPE GENERAL THEO)RY OF PERTURBATIONS IN
TO ANALYSIS OF OP77CAL MASER LIGHT, by D CLASSICAL MECHANICS by L. M. Garrido and F.
Hellerstein. [196211[5 1p. inc. illus. diagrs. (AFOSR- Gascon. ['19621 (7hp. inc. diagr. (AFOSR-J916)
J974) (AF 49(6338)1167) AD 417142 Unclassified (AF EOAR-62-89) Ujnclassified

Presented at 1963 Spring meeting of the Amer. Opt Also published In Proc. Phys. Soc. (London), v. 8l1
Soc., Jacksorville, Fla. T1T5JTII2I J~une-1, 1963.

Abstract published in Jour. Opt. Soc. Amer., v. 53:,A prtoa ehdi peetdfrsuyn h
515, pr. 963.effect of perturbations in classical mechanics. This

Alsopubishd inApp. Ot., . 2 80-805 Au. 163. method is similar to that used In quantum mechanics.
Alsopubishd inApp. Ot., . 2 80-805 Au. 163.Hamilton's formalirm is then used. The most general

case when the unperturbed Hamiltonian and the perturbed
A Senarmont polariscope suitable for optical maser Hamiltonian depend explicitly on time is explained. This
work has been constructed, It employs an optically theory is illustrated with an example. (Contractor's
active wedge and an analyzing polarizer wn map the abstrzct)
azimuthal angle onto a linear field, indicating this angle
by null positions on a photographic phate. It measures
the azimuth of linearly polarized light over a range of ill
180 ̂  wifll an accuracy at present of 1 1.5' and dis-
tinguishes between right and left circularly polarized Battelle Memorial Inst., Columbus, Ohio.
light. This device is comp2 -t, relatively Inexpensive,
and requires no auxiliary electronic apparatus. (Con- AN INVESTIGATIIN OF THE EFFECTS OF VERY
tractor's abstract) HIGH PRESSURE AND TEMPERATURE ON SEMI-

CONDUCTING AND INSULATING MATERIALS, by C.
108 M. Schwartz and A. P. Young. Final rept. June 15,

1958-Dec. 31, 1962 [81p. (AFOSR-4407) (AF 49(638)-
Barcelona U. (Spain). 441) AD 295834 Unclassified

OBSERVABLES OF RELATIVISTIC PARTICLES, by This research program is directed towards obtaining
L M. Garrido and J. Sesma. f1962] [i.'Jp. inc. diagai. fundamental knowledge of the structure and behavior of
(AFOSR-J226) (AF EOAR-62-89) AD 400857 solid as well as gaining new Insight into profitable areas

Unclassified of future research In which new materials may be
synthesized in an environment utilizing high pressures

Also published in Amer. Jour. PhyF , v. 30 887-890, and temnteratures. In situ measurements of electrical
Dec. 192. conductivity and thermoelectrical power off such solids

as 1410, BeO, etc. having marked differences In woneIiThe most general unitary transformation thai transforms. structure are pt esented. These data may lead to the
the Hamiltonians of particles of spins 0, j, or I in~to selection of addlu:inal oaldds of the type SO. R2'
Hamilton ans containing even or odd matrices is studied. ROetc.2
Also presented are the expressions for the position oper-2
ators for each transformation that are valid for the 3
kinds of particles mentioned above. (Contr'actor's 112
abstract, modified)

Battelle Memorial Inst.. Columbus, Ohio.

109 SYNTHESIS AND PROPERTIES OF A HIGH-PRESSURE
RUTILE- TYPDEAIAsO 4 - by A. P. Ycung, C. B. Sclar,

llarcelio4a U. ¶Spaln).
and C. M. Schwartz. f1362] flOlp. inc. tillus. dtagra.

ACTION PRiNCIPLE FOR CLASSICAL FIELDS, by F. tables, refs. (AFOSR-JlI598) (AF 49(638)441)
J. Sancho. 119621,15]p. (AFOSR-324-8) (AF EOAR- 62- AD 427629 Unclassified

89) l) 4804 UncassiiedAlso pbihed in Zeitschr. Krlst., v. 118: 223-232,

Also published In Physica, v. IN:,1324-1329, Dec. 1962.Jn

An action principle presented by Garrido (see Item no. A uietp Is 4 poy rhwiha .39an
3201, Vol. V) for discrete systems is extended to c = 2.815A has been synthesized at 90 kbar and 900*C.
classical field theo-y. Th density is 5. 15 F -- 13 nInraeo 54% ove' the

quartz modification. The indices of refraction of the
rutile form of AIArsO 4 are -r - 1. 950, w = 1. 903, both
±0. 003. Molar refraction data for the quartz a.,
rutle polymorphs of AI.AsO 1 show a percentage decrease
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of 10.4 relative to the quartz form and fulfill the 5. 530A (probably 2 mol per unit cell). The density of
Dschille-Roy prediction relating molar refraction and the high-pressure form of CrVO4 is 13.7% higher than
cation coordination. The main absorption band of the that of the normal form.
infrared spectra of the quartz and rutile forms of
AIAmO 4 shows a shift of 23% In the direction of increasing

wavelength with increasing cation coordination. A cor- 115
responding shift ; ' the same magnitude is shown by the
quartz and ruttle forms of S102 and GeO 2 . (Contractor's Battelle Memorial Inst., Columbus, Ohio.
abstract)

TEMPERATURE FLUCTUATIONS DURING GIROWTH
AND IMPUJiTY SEGREGATION IN InSb CRYSTALS, by

113 N. Albon. [19621121p. Incl illus. (AFOSR-3999)
(AF 49(638)959) AD 405501 Unclassified

Battelle Memorial Inst., Columbus, Ohio.
Also published in Jour. Appl. Phys.. v. 33: 2912-2903,

SYNT•ESIS AND OPTICAL CRYSTALLOGRAPHY OF Sep-t. • 1•, 6.
TIS)HOVITE, A VERY HIGH PRESSURE POLYMORPH

OF 102, by C. B. Sclar, A. P. Young and others. A preliminary study of the relation between temperature

[1962] jG6p. incl. illus. tables, refs. (AFOSR-JIl605) fluctuations during growth and impurity segregation in

(Sponsored jointly by Air Force Office of Scientific Re- InSb crystals has beeit made. The observations de-

search under AF 49(638)441 and [Atomic Energy Com- scribed here, together with measurements of the ther-nal

missionD) AD 427705 Unclassified gradients during growth confirm that temperature
changes expected to result from rotation are sufficient

Also ublished in Jour. Geophys. Research, v. 67:. to produce the observed striations, In addition, these

%4O"-f4054, Sept. 1962. experiments indicate that an adverse effect on the uni-
formity of InSb crystals is produced by temperature

Stishovitz, a high-pressure high-density polymorph of fluctuations of less than I 'C if the rate of temperature

SiO2 , isostructural with rutile, %As synthestied at pres- change Is sufficiently rapid. They also suggest that by
mm~dng temperature changes during crystal growth and

sures between 75 and 125 kb and temperatures greater precise measurements of the resulting impurity profiles
t.an q00*C. Significant conversion to the rutile form in the growth direction, the relation between rate of
was obtained In a modified girdle apparatus at 125 kb; growth and supercooling could be determined. This
trace amounts were obtained In a belt- type apparatus would indicate the growth mechanisms involved.
between 75 and 100 kb. Stishovite Is colorless, acicular
In habit, an un.axWal positive with r = 1.845 ± .005, w,
1.800 * .005. The optic axis is commonly highly in- 116

]lined to the morphological axis. The transformation of
voesite (4-lold 'oordination) to stishovite (6-fold coordina- Battelle Memorial Inst. , Columbus, Ohio.

tiou) ezemplifles tWe decrease i.L molar refraction with
increasing coordination predicted by Dachille and Roy. STUDIES OF THE InSb CRYSTAL-MELT INTERFACE,
(Contractor's abstract) by N. Albon. [1962] [41p. ticl. illus. refs. (AFOSR-

64-2103) (AF 49(638)9591 AD 451567 Unclassified

114 Presented in part at meeting of the Electrochemical
SOC., Boston, Mass., Sept. 16-20, 11962.

Battelle Memorial Inst.. Columbus, Ohio.

Abstract published in Jot:-. Electrochem. Soc., v. 109:
HIGH PRESSURE FO•RMS OF CrVO 4 AND FeVO4, by 2D2C, Aug. 19627-

A. F. Young and C. M. Schwartz. [1962] [ljp. Incl.
tables. (AFOSR-J1606) (AF 49(638)441) AD 427642 Also published in Jour, Electrochem. Soc., v. III:

Unclassified 61-64. Jan. l79N.

Alp iublshedtn Acta Cryst.. v. 15:, 1305, Dec. 10, The InSb interface was studied by microscopt.cal examina-"tion of crystals decanted from the melt. Crystals which
had been allowed to approach equilibrium at a curved

CrV04 and FeVG4 were synthesized by heating mixtures isotherm showed facets on which the features could be
correlated with crys'al growth mechanisms. On theof Cr203 ' V205 and 3e205 - V205, respectively, at curved areas of the interface, lines having a regular

750°C and 60,000 atm for 24 hr. The hight-pressure spacing were observed, which previously have been
form of CrVO4 has a rutile structure with a = 4. 551, assumed to be growth steps. The lines were shown to
c = 2.8f4A (I tool per unit cell). (The normal form is be grooves without a definite crystallographic orienta-
orthorhombic) The normal form of FeVO4 gives a very tion and evidence against their origin during the crystal

growth process was obtained. (Contractor's abstract)complicated x-ray diffraction pattern and the crystal

structre has not been determined. The high-pressure
form, however, gave a murh simpler diffraction pattern
which can be indexed on the basis of an orthorhombtc
unit cell with dimensions, a = 4.491, b 4.900, c =
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Battelle Memorial Inst., Columbus, Ohio Battelle Memorial Inst., Columbus, Ohio.

FORMATION OF CONICAL HILLOCKS ON 'CRYSTALS GRAI"'-BOL'NDARY DIFFUSION Or GOL.D IN
(Abst.-acit. by S. E. Miller and N. Albon. [1962; 11 1p. COPPER, by A. E. Austin and N~. A. Richard. [1162]
,AF 49(63'ii959i Unclassified [61p. inc. diagrs. tables. (AFOSR-3013) (A? APQSR-

61-1071 AD 278377 Unclmsatfled
Preiented at meeting oj the Electrochemical Soc.,
Boston. Mass., Sept. 16-20. 1962 Also pulisa,!hed In Jour. Appl. Phys., v. 33: 3569-3574,

Published in Jour. Electrochem. Sot., v. 109- 202C.
Auf~.§~2.The diffusion of Au inta the grain boundaries of Cu

btvrystals was studied tor couples of both a continuous
Recent microscopic ex~tminations of high-purity GaAs and an instantaneous source. The concentration Con-
crystals, prepared by the horizontal gradient-freeze tours along the grain boundaries were measured by
technique, have revealed a multitude of minute conical means of electron-probe microanalysis. For the co v-
hillncks on thlL surface of tne ingot~s The hillocks are tinuous source conditions at 750'~C, the ratio of the
also quite promitnent or InAs. LfnP. and GaP, and to a coefflcient& of graln-boundary diffusion and lattice de-
lesser degree on InSb and GaSh. A detailed description cesdfo6x105 tabu103 wt tcetigA

ofceae from phnmn xs 10sete tousrae wbout 10wihoncetio-Aof te penoenais resntedillstrtedwit phto-concentration from 0. 5 to 15 at-% Au. The rate ofmicrographs. (Contractor's abstract) grain- boundary diffusion decreases even though there
is some increase tin the rate of lattice diffusion. There

116 was found some contribution of surface diffusion to the
couples with an instantaneous or thin source, I. e. , 0- 5'U

Battelle Memorial Inst . Columbus. Ohio. thick. The concentration contours observed in theseJ couples agreed generaliy~with the theoretical solutions.

IMPURITY LEV EI.S ASSOCIATED WITH SUBSIDIARY (Contractor . abstract)

POUNDS Abstract), byll. T7. B-ate. j1962 j[lp. 120
[AF 49t,638)9591 Unclassified

Battelle Memorial Inst.., Columbus. Ohio.
Presented at meeting- of the Amer. Phys. Soc..
lBalttmore. .kd , Mar. 26-29. 19Q2. IT O-)RETICAL SOLUMINS OF GRAIN-BOUNDARY

DIFFUSION PROB3LEM. APPRDNIMATIONS AND
Published in Bull. Amer. Phvs. Soc.. Series 11. %. 7. INTERPRETATION OF EXPERIMEIT.S, by V. E. Wood,
214. Mar. 26. 1962 A. E, Austin, and F. J1. M'lUord. 119C21 [6jp. inc.

diagrs. tables. (AFOSR-3014) (AT AFOSR-61-107)
It is well estabisahed that the principal conduction- hand AD 2BO776 Unclassified
minimum occurs at k =0 in se~eral Il-V semiconductors
The effective mass in this mininium Is relatively small- Also published in Jour. .1ppl. Phyb.. v. 33- 3574-
and shallow impurity levels associated with 'his minimumW7§,-e C 1ft.
are not observed even in the purest samples except tn
strong miagnetic fields. presumably because of oierlap Whipple's txact solution to the idealized grain-boundary
of orbits. However, there is consi-rable evidence for diffusion problem has heen evaluated n-umerically for
the existence of subsidiary minim.- other points in the ranges of paramneters appropriate to existing and con-
Brillouin zone in mtany of these compounds. An exten-sion temnplated experlmntas. From these evaluations the
of the simple thIeory of shallow Impurity states takting concentration at fixed depth of penetration, and the angle
these minima ;nto account predict,- the occurrence of at which isoconcentration contours intersect the grain
tmpurlty levels below each minnimnum but above the boundary are obtained. The ranges of validity of ap-principal band edge Because the effective masses In proximate solutions obtained by various aiuthors are dis-these mrinima are relatively large, the orbits are cussed on the basis of the nume'rical results, as is the
smaller and the ionization enerpies* are larger than for use of the graphs and tablets for the Interpretation ofIthe minimum at k - 0. Although removing an electron experimental data.
from one of these bound states doe,, not necessarilv re-
quire a net increase in its energy if it simultaneously
makes a transition to the central band, the bound elec- 121I Irons do not contribute to the conductivity because the
interband transitiorn. which requires a large change In Baylor U. Col,. of Medicine, Houston, Tex.
wave vector, will not be induced by the electric field. SCOH ISRA TAN LL IAIN.

by S. Goldstone. 11958] [14]p. Incl. refs. (Sponsored
jointly by Air Force Office of Scientific Research under
[AF 18(603)79] and Public Health ServIce!
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Publitshed in APA-AAAS Symposium on Hallucinations, the incubated thyroid frAgments of guinea pig are
Wiatiington, 1). C. (Dec. .17- n. 1958), New York, accelerated by the addition of thyrotropine. The ad-
Grutie and Stratton, 194, p. 261-274. ministration of thyroxine for 10 days markedly increased

the amplitude of the response to thyrotropine. Radio~-
A n anlysts is mode of available data In order to sug- chromnatographic analysis of Incubated thyroid extractst
gesi possible basic psychological mechanisms that may showed that Mle organification of radioactive iodine,
underite the process of hallucinating. Specifically, fin under these conditions, Is arrested at the point of mono-
attempt is made to present a phychophysical point of iodotyrosln-r an dilodotyrosine and that the lodinatlon
view that departs irom the classical -.. mulus- centered of mono- and dliodo.-tyrosine is accelerated by thyrotro-
sensory psychology, and to demonstrate the potential of pine. Aft er pretrea tment with thyroxine, a linear rela-
the relevant methoda and formulations that permit the tion was observed between the response of the IncvbAied
derivation of quantitative information about the function- thyroid and the logarithm of the dosages of thyrot-opine.
Ing and malfunctioning of internal standards or conicepts. The system considered forms the basis of a simple,
In addition, at fanciful excursion departing from data specific and -elativel) 'ct method for standardizing
alreaty available will allow the suggestion of 2 mecha- thyrotropine.
atoms that may in part account for hallucinations: (1) a
partial reduction in Intersensory stimuius differentiation
such that an adequate stimulus received by one mode may 124
be interpreted In terms of a less appropriate mode and
(2) a partial reduction in the subjects9 ability I-> make Bell Aircraft Corp., Buffalo, N. Y.
contemporary use of past experience because his 1'tern-al
standard has become less available or less vivid. LOW TEMPERATURE PLAýSMA PHENOMAENA, by R.

J. Whalen and K. Peart.h. [1959] [19 1p. inc. diagrs.
table. (AFOSR-3741) (Sponsored jointly by Air Force

122 Office of 3;cier.tiflc Research under AlF 49(630~380 and
Wright Mlr Developmnent Center) Urcl;asslfted

Baylor LT. Ccll. of Medicine, Houst -,, -tey-
The non- equilibrium nozzle expansion process fo-

IN VIVO BIOGENESIS OF THYRIXID HORMONE IN THE oxygen and air is examined in 4000 'K toe !14,000'K,
GUINEA PIG, by W. J. Szhindher and C. Fortier. I ei p j; 1000 atm ranige Byron's recomblnatt-n rate
[1962) [61p. inc4. Illus. (AFOSR-841) (AF 49(638)3841, law for oxyger Is employed throughout the analysis.
AD 407378 Unclassified Th-e influence of variation in the magnitude of the rate

constant, and various decay rates are considered. The
Also published in Canad. Jour. Blochem. and Physlol., Influence of nozzle geometry Is also discussed. It is
V. MI.TT -T, Nov. 1962. shown that ft r large depart.'res from equilibrium the

Mach number is significantly larger than the equilibrium
As a prelimina -v to a study of In vitro thyroid activity value. For po 10 atm, To = 8000*K, M > 100 is ob-Iin 'he 1ýulnea pig, It Yas considered of Interest to assess tamned. Normal and oblique shock pressure, density,
this activity In vivo. Uptake and organic binding of temperature ratios are presente( 'or p0 = 10, 100, -and
radiolodi-ae (1I11 ) by the guinea pig thyroid were studied 1, 000 and for To = 8000 'K. 7h4 -arrelation of fully
as ordinates of tine following idministration of the discae 0lw ihY-5, rdCLni lope
trac jr, by mean;i of electrophoretic, autoradiographic, sented. The large influence on stagnation point htat
areA cnromatogr~Aphic techniques. Similar .echniques transfer for a catalytic surface Is discussed. The
were used to ascertain the nature of the lodinatod corn- similitude for the Inviscid hypersonic flow of a chemi-
pounds ina 'he gland at the time of Axidmal L. take (Con- cally reacting gas about a sl .ender 2-dimensional ge-
tractor's abstract) ometry is presented. Correlation of the equflibriumI and nonequilibrium calculation with the similitude offers

a procedure for determining M tiz nonequllbrium gas
1 P3 flows. Finally, the Importance and influence of ,nagneto-

hydrodynamnic effects for V1 B. where V =(U, 0, 0),
Baylor U. Coll. of Medicine, Houston, Tex. B =(0, B, 0), in the range 'f temperature and rreserxre

aesociated with the fully dissociated expansion is pre-

[EFFECT OF THYIVIUINE PRETREATMENT ON THE sernted. (,Contractor's absti~act)
UPTAKE AND) ORGLI.FICATION OF RADIOACTIVE
ION(NE BY iNCUBATED THYIK)ID FRLAGMENTrS OF
GUINEA P7GS] Effet do prttrattement A la thyroxine sur 125
Ia captatloin et l'orgnlficat-' de l'lode radicactif Par
segments Incubes de thyroides de cobayes, by C. Bern U. Inst. of Physics (Switzerland).
Fcz tier and IV. J. Schindler. [1962) [91p. Inc. illus.
diagri. tablus. (AFM)R-Jt73' (In cooperation with PAllIATION EFFEC75 IN SPACE AND THERLMAL
Laval U., Quebec (Canada), ender Al' AFOSR-f1-15) EFFECTS OF ATMOSPHERIC ENTR't BY THERMO-
(Al' 49(6.4b)384) AD 407243 Unclassified LUMINESCENCE MEASUREMENTS ON METEORITES.

by F. C. Houter-nans. Oct. 1. 1962 [3 0ýp Inc. chat'rs.

Also vublished In L~aval med.,. v. 3:1- 506-515, Sept. tables, refs. (AFOSR-4059) (Al' 1XAR-61-51l)
Ton. AD 290613 UCnclassiflad

The uptake and organification of radioactive iodine by The natural glow- curvee of lu chondriles were
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measared and compared with the correspondig artificial an isotropic medium under initial stress are applied to
glow-curves, obtained after Irradiation with a $-dose rubbertype elasticity. As a corollary an exart theory

of 5 x 104 rad. The differences between the nutural and Is obtained for the surface Instability of such material

the artificial glow-curves as well as the Increase of under compression. It is found that In plane strain the

peak-temperature with decreasing peak-intensity, oh- Incremental properties remain Isotropic and are char-

served for the natural glow-curves of the various acterizc, by a single straln-dependent modulus. In

chondrites, can be explained by thermal effects. Either 3-dim -nsional strain the clastic properties ure found

a temperature raise occurred before, during, or after to coincide with those of the elastic medium introdticed

the fall of the meteorites, which caused the low-tempera- by Green to illustrate the properties of electromagnetic

lure part of the natural glow-curves to fade out, or the propagation. The apparent rigidity of the surface as a

shallow, low-energy traps, responsible for the low- function of strain is evaluated and Is shown to reouut

temperature part of the natural glow-curves never from the combined effect of the variation of rigidity

were filled, due to the low dose rate of cosmic radiation. modulus and a membrane effect due to the initial stress.

Larger differences between the glow- curve of arhondrites At a critical compression the 2 effects act in opposite

are observed. The artificial glow-curves of the cal- directions and the apparent surface rigidity vanithes

cium rich, basaltic type achondrites are distinctly differ- caust* incipient instability. The phenomenon is

ent from those the calciuni-poor, chondritic type formally analogous to Rayleigh waves. Attention is

achondrites. A bteady decrease of the intensity of the also called to the existence of Literfacial Instabiltty at

natural therznolumii'escenca with decreasing Ar k-ages a surface of discontinuity of 2 elastic media under Initial

is observed. (Contrauor's abstract) stress in analogy with Stoneley waves, (C mtractorfs
abstract)

126
1Bo N

M .ot, M. A. , New York.
Blot, M4. A., New York.

EXACT THEORY OF BUCKLING OF A THICK SLAB,
by M. A. Biot. [1961]116kp. incl. diagrs. (AFOSR- INCREMENTAL ELASTIC COEFFICIENTS OF AN LSO-
1770) (AF 49(638)837) AD 441479 Unclassified TROPIC MEDIUM IN FINITE STRAIN, by M. A Blot.

11961] 117kp. incl. diagrs. tAFOSR-1772j (AF 49-
Alsopublished in Appl. Scient Research, v. 12A- (638)837) AD 452448 Unclassified
183-198, -963.

Also published in Arpl. Sctent. Research, v. 12A: 151-
The Incremental elasic coefficients for rubbertype 1-7 71963.
elasticity are inserted in some earlier theories by the
author leading to an exact theory for the buckling of a Incremental elstic coefficients are derived for an
thick slab In finite strain. The critical compression isotropic medium in a state of finite ha.tial strain. The
as a function of the wave length shows a continuous analysis is based on concepts and methods developed by
variation. The buckling is of the bending type at large the author in earlier publications whic" require oldy
wavelengths and becomes a shear type instability for elementary pi ocedures and bring to lig-it the physical
shorter slabs. In the limiting case of vanishing wave- significance of the results. RPmarkedly simple formu-
length the buckling degenerates into a surface Insta- las for the incrementil rhear coefficients are tstab-
bitty. The formal behavior Is analogous to the transi- lished. For comparisr, the same rest Its are derived
lion from bending waves to Rayleigh waves in the vibra- by an alternate procedure using -iemnnnian tcnsors anW
lion of elastic plates. The range of valit.ty of the the calculation is shown to be much nore elaborate.
classical Euler theory ts discussed and stress distribu- Application is made to the particular case of second
tions across the thickness are evaluated. The problem order elasticity theory and expressions derived for the
.s also trea.cd by an a~proximate variational procedure incremental coefficients including the earrection terms
and it is shown that a very simple bending-sheartype of the first order in the initial strair. This provides a
deformat:on vqelds a remark-tble accurate formula complete theory of first order correctibn for acoustic
t.rough thi complete range of wavelengths. 'Contractor's propagation under initial stress. (Contractor's
abst'act) abstract)

127 129

Blot, M. A.. New York. Blot, M. A., New York.

SURFACE INSTABILITY OF RUBBER IN COMPRFS- ACOUSTIC-GRAVITY WAVES AS A PARTICULAR
SION. by M. A. Blot. [196I, [15kp. Incl. table, refs. CASE OF THE THEORY OF ELASTICITY UNDER
,APOSR-1771) (AF 49(638)8371 AD 450005 INITIAL STRESS, by M. A. Biot. [1962] 13kp. (AFOSR-

Unclassified J1030) (AF 49(638)837) AD 419870 Unclassified

Also published in Appl. Sclent. Research v. 12A: 168- Also published in Phys. Fluids, v. 6: 778-180. June
12. "IT 197.

Expressions for the incremental elastic coefflcien,.s of General equations for acoustic-gravity waves in a fluid
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are derived as a particular case of the theory of elas. normal coordinates for the evaluation of transient propa-
ticity of initially stressed continua. The differential gation are applicable along with general theorems on
equations for the fluid dynamics and the corresponding the equivalence of group velocity and energy flux. As
variational principles are obtained. The transition an illustration the case of a constant gravity Aield is
from solid to fluid ts illustrated for the special case of discussed. (Contractor's abstract)
a constant gravity fleud. The dynamics of a fluid under
initial stress Is thus brought within the scope of the
theory of elasticity providing a unified treatment of 132
wave propagation in composite fluid-solid systems.
(Contractor's abstract) Birmingham U. Dept of Chenistry (Gt. Brit.).

RESEARCH IN MICROWAVE SPECTROSCOPY, by J.
130 Shexidan, A. P. Cox, an* J. K. Tyler. Final rept

jan. 1962 [37]p. incl. diagrs. tables. (AFOSR-2392)
Blot, U. A., New York. (AF 61(052)241) AD 273614 Unclassified

GENERAL FLUID-DISPLACEMENT EQUJATIONS FOR Refinements tn methods of generation and detection of
AOWUSTIC-GRAVITY WAVES, by M. A. Biot. 119621 microwave harmonics at wavelengths down to the I - 2
[61p. (AFOSR-JI031) (AF 49(638)837) AD 419709 rim region are discussed. Preferred methods are

Unclassified given for selection, shaping, mounting and adjustment
of the point-contact diodes used. Other refinements of

AIs published in Phys. Fluids, v. 6: 621-626, May instrumentation have allowed the measurement of spec-
I•5. tra of unstable and involaille molecules with the ability

to resolve important hyperfine structures. New micro-
General equations are derived for the dynamics of a wa .e spectroscopic measurements included evaluation
fluid under tnitial stress In an arbitiary potential field of precise interatomic distances in fluorine cyanide &nd
and perturbed from equilibrium. The motion is de- chloroacetylene, of electron-distribution properties of
scribed in terms of the displacements of the fluid parti- cyanamide and diazomethane from nuclear quadrupole
cles from their equilibrium posttiun. A class of equa- effects, and the first orectse structural information
tions is obtained which is applicable to large displace- regarding nitramtd-e in the gas phase. Refined values
ments. Complete linearization lcads to 2 types of equa- of centrifugal distortion constants were obtained for
tions. One type called unmodified corresponds to the sevcral molecules. (Contractor's abstract)
viewpoint of the theory of elasticity. rne modified
equations representing the other type are expressed in
terms of buoyancy forces. The modified equations lead 133
to a conceptually useful analog model for internal
grm-ity waveE in a liquid. For a constant gravity field Birm!ngham V. Dept, of Che.nlstry (Gt. Brit.,
the linear equations are also applicable to large dis-
placements. Clitssical examples for a constant gravity MICROWAVE SPECTRUM OF NITRAMIDE. by J. K.
field are discussed as Illustrations. (Contractor's Tyler. Nov. 1962, Pp. Incl. tables, refs. (AFOSR-
abstract) 4751) (AF 61(052)241 and AF EOAR-62-1,

AD 418449 Unclassified

131 Microwa'e spectra have been measured for the tsotopic
species of NH 2 NO2 , NI{DNIO, and ND D2.MC The nitro-

Blot, M_ A., Neu York. amine structure is confirmed and a nonplanar structure
PFilh an inverting -NH 2 group indicated. In all cases

WAVES, by M. A. Blot. f1962] [71p. (AFOSR-JI032) the Boltzmanr factor for the inversion motion is Indis-
(AF 49(638)837) AD 419886 Unclassified tinguishable from unity. Structural parameters oh-

tained are. N - H = 1.005 i 0.01A. N - N = 1. 127 t

Also published In Phys. Fluids, v. 6: 772-77., June 0.001A, N - 0 1206 assured, 010 3 130ý 8' ± IE ,
HN"•.Il 115" I1' ± 2 . Angie between N-H. pl±.ne and

N.NO2 plane i o 51' 47'± .1 . The ua component of
Variational principles are developed for the dynamih.s the dipole momeat 's meaEured as 3.57 ± 0.05D. (Con-
of st fluid under intlal stress in an arbitrary potentiai tractor's abstract)
field and disturbed frcmn equilibrium. They are fc'rmu-
lated in terms of fluid displacement. Two distinct
principles are obtained which are mathematically A

equivalent but elffer fundamenit:ly from the physical
viewpoint. The difference results from expressing the Buit, Beranek and Newman, Inc., Cambridge, Mass.
potential energy in terms of buoyancy forces or strain
energy. A very general stability criterion Is abtained. BRIDGES OVER ThY GULF BETWEEN MAN-
An important new fcaturc is the inclusion o•f surface MACHINE-SYSTEM RESEARCH AND MAN-MACHINE-
integ- as in tnse potential energy. The simplified princi- SYSTEM DEVELOPMENT, by J. C. R Licklider.
ple fnr the case of a liquid is interpreted by means of an [19611 1121p. (AFOSR-11271 (Bound witi. its AFOSR-
analog model. Lagrarglan equations and mothods of 1673: AD 424284) (AF 49(638t3"5,FDA-4_2PJ4

Unclassified
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Alsoýpubllshed in Applied Psychology; Proc. of t'e degree the technique of representins Ideas and intrw-
"FurtaiIWternxt'l. Cong., Copenhagen (Denmark) relations In the form of computer progrms. The MIaR
(Aug. 13-19, 1981), Mankgaard, v. 5: 214-229, 1062. outcomes of the study of system orpuniuftiowere.

(1) Recognition of a los•a analogy between large-scale
For abstract see item no. 135, Vol. VI. military man-mchbine systems and systems of com-

puter programs; (2) Recognition of computer programs;
and (3) A set of ideas about Low to exploit the analogy

135 and the capabilities in substantive work on systems.

Bolt, Beranek and Newman, Inc., Cambridge, Mass.

THE SYSTEM SYSTEM, by J. C. I. LIcklider. Jan. 138

1962 [18Jp. (AFOSR-1673) (Bound with Its A.?OSR- Bolt, Beranek and Newman, Inc., Cambridge, Mass.
1127; AD 424284) (AF 49(638)355) AD 42284

Unclassified D1FFEREFCES IN THE FUNCTIONS OF THE TWO
CEREBRAL HEMISPHERE, by W. D. Neff. [1961]

Als._•lIshed idn Human Factors in Technology, ed. by 131p. (AF 49(638)1142) UnclaUsified
E. Benet•t_,- J. Degan, and J. Spiegel. New York,
McGraw-HilL. 1963, p. 627-641. Published in Conf. on Interhemispheric Relations &Wd

Cerebral l, ominance (Apr. 23-25, 1961), ed. byV. B.
The need for greater coherence in the ,na--machine and Mountcastle. Baltimore, Johns Hopkins Precs, 1982,
other high-order interactions of our major systems Is p. 19-198.
described, and an approach to achievement of that
coherence ts proposed- The approach involves a com- This report represents a brief comment on the con-
puter-centered meta-system (the 'system system') de- tr.bution of animal experiments to understanding the
signed to facilitate communication, coordination, and problem of cerebral domjinance. It is noted that expert-
problera-solving. The needs for, and roles of, such a ments on lower animals have not, with few except•ons.
meta-system in various phases of system design, de- contributed aporeciably to an understanding of thiL
velopment, production, and operation are discussed, problem. This may mean that researchers, studh. .z

(Contractor's abstract) brain function by means of laboratory experiments on
animals, have been concerned with other problems
which are more readily attacked, and that they have

136 only recently obtained knowledge and developed tech-
niques which may lead to experiments ,wbich wYll look

Bolt. Beranek aM Newman, Inc., Cambridge, Masa. for interhemispheric differences.

THREE AUDITORY THEORIES, by J. C. R. Licklider.
j1959' [1041p. incl. diagrs, tables, refs. [AF 491638)- 139

355J! Unclassified
Bolt, Beranek and Newman, Inc., Cambridge, Mass.

Published in Psychology: A Study of a Science. ed. by
& Koch. New York, McGraw-Hill, v., 1: 41-144, 1959. DISCIUMINATORY CAPACITY OF DIFFERENT

DIVISIONS OF THE AUDI7DRY SYSTEM, by W. D.
In the field of psychowcoustics tr-.ere are seve.ral `part' Neff., [191]j 581p tnclý Illus. diagrs. tables, refs.
theories but no systematimlly formulated cver-all (In zooperation with Chicago U., Ill.) (AF 49(638)1142)
theory. The following 'part" theories are discussed in Unclassified
the hope that a common rubric will prepare the way for
putting them together into something larger or reveal Published in Brain and Behavior; Proc. of the FIrst
incompatibilities that stand in the way of synthesis: Conf., Los Angeles, Calif. (Feb. 19-22, 1961), ed. by
(I) A theory of signal detection: (2) A theory of speech M. A. B. Brazier. Washington, American Institute
intelligibility; anr (3) A theory of pitch perception, of Biological Sciences, v. 1: 205-262, 1961.

Several experiments involving bilateral ablation of sob-
137 areas of the auditory cortex, large unilateral cortical

ablations, and subcortical transechtons of auditory

Bolt, Beranek and Newman, Inc., Cambridge, Mass. pathways are described. In the cat, the following re-
sults are obtained after bilateral ablation of subareas of

STUDIES IN THE ORGANIZATION OF MAN-MACHINE the aun tory cortex: (1) The ability to mak learned re-
SYSTEMS, by J. C. R. LicklIlder. Dec. 1962 [19]p. incl. sponsee to auditory signals is typically lost, If the
refs. (BBN rept. no. 910) (AF 49(638)355) AD 295166 ablation Is made bilaterally in one-stage, but relearning

Unclassified of scme discriminations s possible; (2) The capacity
to eetect onset of sound* at threshold intensities and to

The basic aim of this r.sea. , has been to find ways of discriminate threshold clanges in Intensity Is un-
increasing the transfer of knowledge amung system changed4 (3) The capacity to responS to large changes in
programs and ways of relating research results to sys- frequency remains; (4) A deficit occurs in capacity to
tern applications. The methods used have been an in- discriminate changes in duration; and (5) A complete
formal mixture of studying, discussing, formulating. loss occurs In capacity to discriminate changes in
writing, and trying tc understand and advance to some temporal patterns of tones and to localize sound In
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"space. Experiments with the monkey produce similar Three separate zroups of experiments are disesed
results. Widespread ablation of auditory cortex of one in this final report. In Part I the 8as phaso reaction of
cerebral hemisphere can produce a deficit In the capacity actiwv nitrogen &nd 1, 3-buta"ene was Investigated.
to loalsz sourd in space. No effects of unilateral Pyrrole and cis- and trane-crotonitrtle were obtained.
ablations have been noted in other dscriminations. Uni- Thb- are considered to be the products of nondegradative
lae/r-l transection of the brachium of the inferior collicu- reaction of active- nitrogen. ThIe reaction also yielded
hm In the cat produces a deficit in ability to localize cis- and trans-1-cyano-l, 3-butadene and 3-cyano-l-
sound in space. Other dlacrimlnations are probably butene. The reaction produces hydrogen cyanide as the
unaffected. Bilateral traosection of auditory pathways, major nitrogenous product as In all other hydrocarbon
at the level of the brahiunm of the Inferior colliculus reactions with activ* nitrogen. Ethylene, acetylene
in the cat produces a change of approximately 10 decibels and propylene are also formed. Two 6-carbon ursatu-
In the differential threshold for Intensity. Bilateral rated nitrilee were also Isolated as was a polymer
traoseetion at the level of the BIC in the cat does not which contains C, H and N in the ratio C4 H6N. In Part
produce a loss of cuqpbtlity to discriminate large chanes the formation of nondegradative products from the
tn frequeny if the lesion Is confined to the BIC as de- reaction of active nitrogen with isoprene wo s briefly
fined. When the bilateral transection extends beyond the streat Gas chtiomatograeic analysis revealed that
BIC so as to eliminate evoked responses at the cortex, the dtre Gio yielhr a complicated mixture. Fead major
there Is a complete loss In capability to discriminate products, besides hydrogen cyanide which Is the main

product of the reaction, were isolated and examined by

140 infrared spectrotcopy. Two of the major products
were identified as 3-methyl-pyrolle and 0-methyl-

Bolt, Peran and Newman, Inc., Cambridge, Ma. crotononitrile. infrared spectra suggest that the other
2 are hydrocarbons. Effect of reaction contionn upon

NEURAL STRUCTURES CONCERNED IN LOCALIZA- the yields of hydrocarbon cyanide and nondegradative
72ON OF SOUND IN SPACE, by W. D. Neff. E19U2L products was brtefly studied. Part MI deals with the
91pN illUs. IN SPACErbyW..ef f. [9ls] boundwithIdecay mecharlsm of active nitrogen. pecial attentiov

[91p. incl illus, diaprs. refa. (MAlo bound with Its is given to wall decay.

AFOSR-64-0966; AD 100222) (In cooperation wtith

Chicago U., Mll.) (Sponsored jcntily by Air Force
Office of Scientific Research under AF 49(638)1142 and 142
Office of Naval Research) Uncassitfied

Also published In Psycholog. Bettrage, v. 6: 492-600, Boston U. Dept. of Chemistry, Mass.

STRUCTURES OF BORON COMPOUNDS, by K. Eriks.

Results of experiments In which capacity to localize Final rept- Sept. 29, 1962 [41]p. incl. diagrM. tables,

sound in space was measured before and after ablation refe. (AFOSR-3785) (AF 49(638)65) Unclansl1ed

of auditory cortex or transection of auditory pathways The x- ray diffraction work contained In his report was
in the tectmun are in line with tLe notion that audit, iv undertaken w elucidate some of the structural proper-
areas of the cortex (or perhaps, circuits area involvi'M- ties of boron. The substances vary In nature, one being
the medial gew-culate body and cor.ical projection arc-3) a metal bornde, I being boron hydride derivatives and
are essential for processing information which ts coded 2 dcnor-acceptor complexes of boron tribalides. Spe-
In terms of time relationships between nerve Impulses. cifically the compounds to be described are: phoesphine
It is proposed that: (1) tueraction of nerve impulses borane (H3P. BH3 ), trimethylphosphine borane
from the 2 ears must take place at the level of the
medulla in order that accurate localization of sound in ((CH3 )3h . BH3 ), dimethylsulfozide-boron trifluoride
space can be made; (2) information based upon the Inter-
action of nerve impulses from the 2 er Is transmitted ((CR3 )2SO. BF$), pyridine-boron triohloride
upwarde ina part of the auditory system and Is coded (CH 51N. BCI.., and aluminum dodecabo•ide (AIH2).
as time differences between nerve impulses; and (3) the Aside from• the structural studies this work has re-
thala-,o- cortical part of the auditory system Is designed suited in tlte design and construction of as, Integrating
to receive the temporal information and to process it so photodensitometer based on a photoelectric st.'niconduc-
that appropriate discriminatory behavior may result. tr, for estimation of Intensities on x-ray films.

141 143

Boston U. Dept. of Chemistry, *iass. Boston U. Dept- of Chemistry, Mass.

CH ICAL PROPERTIES OF ACTIVE NITROGEN. 1. THE MOLECULAR AND CRYSTAL STRUCTURE OF
THE REACTION OF ACTIVE NITROGEN WITH
BUTADIENE. it. THE REACTVN OF ACTIVE NITHD- P.KSPRINE BORANE, H3 ?.BR3 . by E. L Mc~andy
GEN WITzI IOPRENE- A PRELIMINARY STUDY. and K Ertks. [1959] [101p. Incl. diagra. table#, refs.
IT,. STUIXES OF THE KINETICS OF DECAY OF ACTIVE (Bound with Its AFOSR-3785) (AF 49(638)65)
NITROGEN, by A. Tsukamoto, M. H. Sae, and J. Unclassified
Goldberg. Final rept. Sept. 1961 [441p. incl. diagra.
tibles, refs. (AFOSR-1459) (AF 49(638)2) Presented at Stuamer meeting of the Amer. Cryntal-

Unclassified lographic Assoc., Ithaca, N. Y., July WV59.
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Structural determinations of H3 N. BH3 2 and of Crystals of pyridine-boron trichloride wei prepared
(CH3)3NBH 33 have been reported. While trlmethylamine and cell dime- -Aons were obtained by leas squaring the

Sc z s pparameter values from 31 observed powder peaks. Theborane crystallizes in a space group having threefold cell dimensions thus found are: a z 0. 04(0)A, b z
symmetry, allowing straightforward determination of 15.3(2)A, c x 6. 16(1)A, and 4 = 102*50'. There are 4
all atomic parameters, the space group of ammonia molecules of CAN. BCIn this unit cell, leadin to a
borane is tetragonal and it is concluded that essentially 3
free molecular rotation occurs in crystals of that sub- calculated density Dx = 1.58 grcm"3 . Absences ob-
stance at room temperature. The purpose of this study served on the Welssenberg films lead to the space
is to establish to what extent the phosphorous complexes 21, 5
of BH3 show a similarity to those of nitrogen. Crystals goup P/ C 2 )-
of phosphine borane were prepared and refined. The
structure was obtained from the refinement and verified 146
by means of a three-dimenstonal electron density map
and a difference map. Final parameters for the model Boston U. [Dept. of Physicsj Mass.
and •ba'rved and calculated structure factors are pre-
sented in table form. STOCHASTIC PROCESS OF KEILON AND STORER, by

A. Shimony. [1962] [2Jp. (AFOSR-J1305) (AF AIOSR-
62-177) AD 424842 Unclassified

144
Also ublished In Phys. Fluids, v. 6: 590-591, Apr.

Boston U. Dept. of Chemistry, Mass.

MOLECULAR AND CRYSTAL STRUCTURE OF THI- The resulta of Kellson and Storer on an idealization of
METHYhPiOSPINE-BORANE (CH3 )3 P. Bi 3 , by Rt. Brovnian motion are derived more simply by showingThomas and K. Erlks. [19591 [4p. cin. table. (Bound that their assumptions are equivalent to a stochastic

with its AFOSR-3785) (AF 49(638)65) Unclasstfied process.

Presented at Summer meeting of the Amer. Crystal- 147
logr,,aphic Assoc., Ithaca, N, Y., July 1959.

Since preliminary work on trimethylphosphine-borane Brandeis U., Waltham, Mass.
showed the structure to be disordered, experiments A"hODIES TO DENATURED DFOXYMBONUCLEIC
were performed to establish the existence of a different ACIDIN S ERATUEA SERUM.V. MCE-
crystal form at lower temperatureq. Two dimensional ACID IN LUPUS ERYTHEMA1ISUS SE . V. MECH-
calculations were started first, using 21 observed hol ANISM OF DNA-AN71-DNA INHIIETION BY CKLORO-
reflections. A Patterson map could be interpreted with QUINE, by D. Stollar and 1. Levine. [19621] [7p. incl.
2 alternative models. The molels gave identical phases diagra. tables, refs. (Publication no. 205) (AKDSR-
for 13 reflections. A Fourier map calculated with these 5063) (Spotsored jointly by Air Force Office of Scien-13phm•gae n ccptbl mde frthe structure: title Research. American Cancer Society, and National

the 2 molecules in the unit cell are aligned with their Institutes of Health) AD 413969 Unclassified
P- B axis parallel to the c (-4 fold) axis. The phos-
phorous atom is tetrahedrally surrounded, the 3 carbon Ald in Arch. Biochem. and Biphys. v. 101:
atoms lying in a plane paralel to a - b. The carbon
atoms are thought to be distributed over at least 4 equlv-
alent points or, -lternatlvely, to undergo free or hindered Chloroquine inhibcts the reaction of denatured DNA
rotation around W~e P-B axis. No distinction can be with lupus erythematosus sera, as measured by quantita-
made between those 2 pssibilities on the bastis of x-ra y tivo C' fixation. This inhibition differs from that
data adone. Withthis model the calculations couldf be caused by nucleotides; all DNA immune systems are in-

hibited by the drug to about the same extent. Inhibition
extended to include all hol-reflections. A Fourier Ma o this reaction by sevL.-l analog of chloroqulne was
computed after some refinement gave 1. 94A for the studied. The binding of chloroquine and certain struc-
P-B distance and approximately 1.91A for the P-C dis- tudre analogs to DNA was measured. Inhibitory effec-
tance. Complete three dimensional refinement was
undertaken on the statistically dist ributed model. The tiveness Is closely correlated with the association con-
lowest value obtained for R E(I Fo; - I Fo).' Fo' was stants of the compounds for DNA. Chloroquine also
0.25. inhibits bacterial transformation by DNA, (Contractor's

abstract)

145
148

Boston U. Dept of Chemistry, MassB Brandeis U., Waltham, Mass.

CRYSTAL STRUCTURE OF PYIDIXNE-BORIDN TRI-CHLO~f11D, Cý%~N. BC13, bry S. A. Brenner. 11962] kN'IIIJODIES "70 DENATURED DEOXYRIfBONUCLEIC
ACID IN A LUPUS ERYTHEMATOSUS SERUM, by D.

,5!p. Incl. table. (Boind with its AFOSR-3785) (AF 49- Stollar and L Levine. [19611 [8Sp. incl. #agrs. refs.(638,65) Unclassified (Publication no. 113) (Sponsored jointly by Air Force
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Office of Scientific Research, American Cancer Society, 151
latiiaal Cancer Institute, and National Institutes of

Realth) UnclasIt fid Brandeis U. [Dept. of Physics] Waltham, Mass.

Published Ii Jour. Immunol., v. 87: 477-484, Oct. MOTION OF FOREIGN BODIES IN BOSON BYSTEMS,
You.- by E. P. Gross. 1962] [(Uip. incl. refs. (AFOSR-

41U) (AF 49(638)27) Unclassified
The reaction between the serum ef a patient with dis-
seminated Itmus erythematofms and DNA hba been studied Ala 11bushed in Ann. Phys., v. 10: 234-253, Aug.
by quanfitative complemt flion. Thermally de- -m"
natured DNA was shown to be a more reactive antgen
than native DNA. Immunologic measurement of melting The system studied is a foreign particle interacting
out and rensturatton of the antigen character'.zed it as with a gas of bosons. Particular attention is paid to the
DNA. DNase-digested antigen preparations failed to ase of a foreign ton coupled to the atoms by a hard
react but were effective Inhibitors. Lqnpu erythema- core potential plus a long range polarlztion potential.
tosus (LE) serum detected serologic differences in de- The essential features of the problem appear in a self-
natured DNA preparations from various sources, consistent field approximation. A finite fraction of the

atoms i In a single particle state which Is spatially in-
homogeneous relative to the ton and forms a condensate.

149 There ts an enhanced density of bosons near the ton.
The velocity flow pattern is such that the ton pushes fluid

Brandets U., Waltham, Mass. away directly ahead of itself, but there Is a reversed
dipolar flow far from the ton. The effective mass is

AN'T1B!DU 70 DENATURED DEOXYlIBONUCLElC very high; it Is greater then the number of atoms con-
ACID IN LUPUS RRYTHEMATISUS SERUM. TV. EVI- tlaned in a volume 4i3, b3 . The parameter b is the
DENCE FOR PUMINE DETERMINANTS IN DNA, by D. distance where the polarIzation energy becomes compa-
Stollar and L. Levine. [1962] [6]p. incL diagre. tables, rable to the boson-boson interaction energy. An outline
refs. (Publication no. 204) (Sponsored jointly by Air Is given of a systematic theory which includes correc-
Force Office of Scientific Research. America- Cancer tiorts to the above-mentioned results arising from the
Society, and National Institutes of Health) zero-potnt energy sat of the oscillations of the coupled

Unclassified ton-boson system. (Contractor's abstract)

Published In Arch. Biochem. and Blophys., v, 101:
41'-422, -June IM6.

152
A lupus serum, G.EB., reactive with relatively large
amounts of denatured DNA preparations, has been Brandeis U. [Dept. of Physics] Wal' am, Mass.
eharactertzed as containing antibodies directed to the
DNA. RNA, polyriboadenylic acid, apurtnic acid and PARTICLE-LIKE SOLUTIONS IN HIELD THEORY. by
partially digested DNA fall to react directly by C' fixa- E. P. Gross. [19621 [151p. inc!. -efs. (AFOSR-4169)
tin, bat do react as measured by !nhibition. Further ýAF 49(638)27) Unclassified
Inhibition studies show that the specificity of the anti-
bodes In Perum G. B. involve purines, and that polymers Also published ir Ann. Phys., v. 19- 219-233, Aug.
containing purtnes are not markedly more reactive than 1962.
monomerti purtnes, nucleosides, and nucleotides.
(Contractor's abstract) A number of quantum field theories have the property

that the field equatton studied as classical equations of
motion, I"ave particle-like solutions. These are spa-

150 tialU lot-alited exact solutions, with a definite value of
angular momentum. The role of these solutions in a

Brandeis U. [Dept. of Pkpics] Waltham, Mass. fully quantum theory Is the subject of investigation. In
particular, the theory of a nonrelativistic scalar nucleon

KINETIC I RY OF THE IMPULIVE MOTION OF coupled by a local Interaction to a scalar meson field is
AN INFMITE PLANE, by E. P. Gro-.:; and E. A. examined. The classical solution (whose spatial extent
Jackson. [1958] [fIIp. IncL refs. (AFOSR-4157) is a nucleon Bohr radius) Is identified with a self-
(AF 4W938)27) Unclassified consistent field .4mroximation to the one-nucleon state.

However, quantum corrections to this approximation
Also puEblhed in Phys. Fluids, v, I:f 318-326, July- yield the same divergent self-energy as perturbation
Xug9. 1W. theory. In this example, the part'cle-like solutions

have nothing to do with the uitraviolet dlwvrgences, but
For abstract see item no. BRU. 01:008, Vol. It. are relevant !o the treatment of the definite part of the

theory for strong coupling. The separation of the infi-
nite part is trivial and is accomplished by a can'inica:
transformation. The part' ,le solutions will exist for
the finite part for strong coupling. (Contractor's
abstract)
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153 AloLbthdI Jour. Math. Phys., v. 4: 615-617,

Brandeis U. [Dept. of Physics] Waltham, Mass.
It has been pointed out by Wigner that the consistency

DYNAMICS OF CLASSCAL MANY- BODY SYSTEMS, requirement between the Lagrange and Heisenberg
by E. P. Gross. 11961] [uIp. [AF 49(638)27] equations of motion does not uniquely determine the

Unclassified canoniCal commutation relations, at least for 1-dimen-
atonal systems. Itst shown that this ambiguity does

Published in Plasma Physics, Accelerators, Thermo- not arise tn local field theory whose basic equal-time
nuclear Research, v. 2: 173-183, Jan. 1961. commutators commute with the translation operator.

(Contractor's abstract)
The present state of the theory of the propagation of
small amplrtude disturbances in monatovic gases and
plasmnas is discussed. The analysis is based on kinetic 156
equations for 1-particle velocity distributions Involving
self- consistent field forces and Boltzmnann-like collision Brandeis U., Dept. of Physitcs, Waltham, Mass.
terms. A microecopic formuilation of the classical N-
body problem is developed. The theory to used to ans- SELECTION RULES IMPOSED By THE BYMIMEICAL
lyze the meaning of earlier microscopic approaches, and SAXATA MODEL, by C. too. [11"2] [l0)p. tactL tables,
carried to the point where the problem can be treated in refs. (AFOBR-64-0274) (Sponsored jointly by Air
a more fundamental way. (Contractor's abstract) Force Office of Scientific Research under AF AFOSR-

61-22 and National Science Founiktion) AD 43453
Unclassified

154

Tgispubltshed in Ann. Phys., v., 19: 314-322, Aug.
Brandeis U. [Dept. of Physics] Waltham, Mass. 82

HYDRODYNAMICS OF A SUPERFLUID CONDENSATE, New sielection rules for strangeness nonzero systems
by E. P. Gross. [1962] [13]p. inc. refs. I[AF 49(638)- baned on a symmetrical Sakata Ioe are discussed.
271 Unclassified New operators, GAP. (exchange of A andi p) x (chargE

conju~gtlon), and G (exchange of Aiand n) x (charge
Published In Jour. Math. Phys.. v. 4:195-2D7, Feb. An
1973.- conjugation) are defined. It is shown that in some sys-

tems these operators define good quantum numbers
T'he theory of the condensate of a weakly interacting Base and that new selection rules a". obtained. These selec-
gas is developed. The condensate is d&scrlhed by a tion rules are applied to the processes:
wavefunction o (z, t) nnrmalized to the number of parti- X00 + IFA- - -C rec
cles. It obeys anonlinear self-consistent field equation. K - . PK .~rec
The solution in the presence of a rigid wall with the Some processes are useful for checking these meclec-
boundary condition of vanishing wavelunction Involves a tion rules. (Contractor's abstract)
de Broglie length. This length depends on the mean po-
tential energy per particle. The self-consistent field
term keeps the density uniform except in localized spatial 157
regions. In the hydrodynamical version, a key role is
played by the quantum potential. A theory of quantized Brandeis U., Dept. of Physics, Waltham, Mass.
vortices and of general potential flows followus immedi-
ately. In contrast to classica. hydrodynamics, the cores TWO-NTUTHINO HYPTHIESKS AMI LEP'10N-BARfl)N
of vortices are completely determined by the de Broglie SYMMETRY, by C. too. [19621 [31p. (AW)SR-64-0375)
length nnd all energies are finite, Nonstationary dis- (Sponsored jointly by Air Force Office oI Scientific Its-
turbances of the condensate correspond to phonons, search under AF AFOSR-61-22 and National Science
rotons, vortex waves etc. They can exchange momentum Foundation) AD 434503 Unclassified
with rigid boundaries. This is compatible with the
vanishing of the wavefunction at a boundary. This con- Also published In Naom Cimento, Series X v. 25:
dition fully determines the dynamics of the system. 435--49,Juy15, 1962.
These points are Illustrated by considering the motion
of a foreign Ion in a Bose gas, a rotating container of The 2 neutrinos of p - and 0 -decays are written as a

fluid, and the Landau criterion for superfluidity. single 4- component neutrino, v ,and the

155 Hritontanasmuned toH = J+J, J1 = V- y 0( * )

Brandeis U. Dept. of Physics, Waltham, Mass. A( - v m+ýbaryon cu-rent- The weak baryon
current is supposed to be symmetric under the replace-

NOTE ON UNIUC~ENESS OF CAI~1NDtCAL COMMUTA- ments u+ - A, t- p. 1 - nt, leading to the eipression
71ON RELAIIOM. by R. Arnowitt and S. Deser. May s(1, i -'p Some consequences are
1962, 3p. (AFOSR-J1451) (AF AFOSR-61-22) '5 +7a -f)P
AD 427699 Unclassified pointed out.
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is$ uased to dtacuss sell- energy questions. In this way,
the static gravitational and electromagnetic seLlf- .nasses

Brandeis U. Dept. of Physics, Walthai-!. Mass. of point particle systems to treated to Section VII.
Whether gravitafionoe effects will maintain the finiteness

CANDMCUtAL ANALYSIS OF GENERAL RELATNITY, by of self-energies in quantum theory to a question which
R. Arnowitt, S. Deser, and C. W. Misner. [1262] is conttered in the final section.
[10)p. Incl. refs. (AFO8R-64-?45) (Spo-~sored joint1-j
by Air Farme Office of Scientific Research unde:r AF
AYOS-61-22 and National Science Fowidation) 160
AD 4538)9 Unclassified

BrrAndei U. [Dept. of Physicsl Waltham, Mass.
Alsopublished In Recent Deeelopmento in General

itiWYReW-ork, Pergamon Press, 1962, p !27- L4W LYING STATES OF A SYSTEM OF INTER-
136. ACTING HO6Ol, by E. P, Gross. [1962] f 15k.

(AF AFOSR-61-22) Unclassified
A brief summary of the results of a program Isolating
the dynamical features of the gravitational field is pre- Published itt Ann. Phys. * v. 20: 44-C0, Oct. 1962.
seated. By analogy with the parametrized form of
particle mechanics, the gravitational field Lagranglan is The ground state wave function and energy of a system
written in finst-order form. The constraint equations of Interacting bosons is studied. Attention Io focused
are solved In principle by decomposing the variables on the real function SM -. XX) dafined by * =
into transverse and longitudinal parts (of which the latter e5 . S i. written as a sum of Intrinsic 2-patrticle.
may be discarded) and Imposing coordinate conditions. 3-particle, etc. functions. The functions are fully de-
In the end the action Integral is written in terms of 4 ~ termined by matching intrinsic n-particle terms In the
canonical variables. Different choices; of coordinate equatioin obeyed by S. Thie theory describes boah close
conditions lead to different canonical va~riables. Tne collisions an the interaction of sets of particles with
definition of energy and the self- energy problem are the surrounding medium. Analysis of the prc-cedure In
discussed. (Math. Rev. abstract, modified) term of dtetribetion function reveals that a lIneariza-

tion of the generalized superposition approximation is

159 the key feature. Excited states of the phonon roton
type are found in the form * =FeS ,ith F afullyde-

Brandeis U Dept. of Physics, Waltham, Miaw. termined sum of terms of different particle numbers.
The wave functions are similar to those used by

THE DYNAWf(S OF GENERAL RElATIVITY, by R. Feynman and Cohen for actual liquid helium, but give a
Arnowltt, S. Deser, and C. W. Misner. 11962]1139]p. more detailed description of the excitations for the re-
tril. refs. (Sponsored jd;Aly by Air Force Office of strictked situations where the theory applies. (Con-
Scientific Research under AF AKISR- 61- 22 and tractor's abstract)
National Science Foundation) Unclassified

Puiblished in Gravitation: An Introduction to Current 361
Research, ed. by L. Witten. New York, Joan Wiley
& Sons, 1962, p. 2V7-265. Brandeis U. [Dept. of Physical Waltham, Maws.

The problem of the dynamics of the gravitational field WEAK INTERACTIN MEDIATED BY REGGE
is outlined In Section 1. Section IIT presents a brief re- PARTI1CLES, by C. too. [19621 f114k. Incl. diagrt.
view of parameterized particle mechanics, Tohe table, refe. (Al' AFOSR-61-22) Unclassified
Lagrangtan of general relativity is cast into Palantint
and 341 dimensional form and the geometrical signifi- Published in Ann. Phys., v, 23: 304-317, Aug. 1963.
cance of the variables is discussed In Section MI. It is
shown that relativity has a form identical ito parame- Under the assumption that the ý.eak Interaction' a

tese mcanic. Section TV completes the analysis, nedaebyRge type particles, the cross section
to obtain th(- canonical variables and their Poito for v - n -. p tuI given. Thisi cross section Is re-
brai.net relations as well as the P. D. equations of nio- inarkably different from that given L-y the usual weak
tion. It is poesible to set up the analysis of gravitational interaction, if the spin of this particle to one end the
radiation in a fashion closely analogous to elecito- slope of the Ragge trajectory is conaparadi-eliy as large
dynamics by Introducing a suitable definition of the vave as to- the strongly Interacting particien. Finally, a
zone. In this region, gravitational' "vex propagate as comparison to made between cross sections for weak
free radiation, Independent of the strung field interior Interactions and strong interactinns at high energy
sources. The waves obey ordinary wave equations and wh-n the weak Interaction does not have a Reggt *e-
consequently satisfy superposition. The Poyntlng vector havior. (Coatractor's abstract, modftfe-1)

contrast, the Newtonian-Ilke parts of the metric can not
be determined within Lha wave zone, they depend strongly
cn the interior non-lnearities. These points are dis-
cussed In Section V. When the analystslIsexuended to
include coupling of other s ys tems io the gravitational
field in Section VT. the abon deffinition of energy may be
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162 165

Brigham Young U. Dept. of Chemistry, Provo, Utah. Brigham Young U, Dept. of Chemistry, Provo, Utah.

RHENIUM CATALYSTS. IV RHENIUM(IU) OXIDE RHENIUM CATALYSTS. Vil. RHENIUM(VI O=IE,
FRO)M PERRHENATE VIA BORDHYDRKDE REDUCTION, by H. S. Broadbent and W. J. Bartley. [162] [31p.
by H. S. Broadbent and J. H. Johnoon. f19621 [31p. incl. table. (AFOSR-64..0924) (AT 18(600)1164)
inci table. (AFOSR-64-0921) (AF;8(6D0)1164j AD 440054 Unea*'xftod
AD 439967 Unclassified

Also published In Jour. Org. Chen,., Y. 28: 224.1-2347,
AspulseinJour. Org. Chem.,* v. 27: 4400-4402, Sept 193.

Rheniwn (VI) oxide is a very efficient catalyst for the
The addition of sodium borohydride to cold aqueous hydrogenation of carboxylic acids and carbonmides,
solutions of perrhenate and acetic acid produces good being comparable to the rhenium(Vrf) oxide wicth to
yIlds of very finely divided, black rhenirum (1111) oxidde the most efficient catalyst for these purposes yet re-
possessing marked catalytic activety. A summary of some ported. The former oxidde, which can be very easily
hydrogenations catalyzed by this substanc Is presented. and simpli made from the Latter, is nonh.i-rosecpic and
The oxide is not ordinarily reduced to lower oxides or stable in air, thus enjoying considerable advantage in
the metal during the process of bydrogenation. (Con- handling over the -3ommercially available higher oxide.
tractor's abstract) (Contractor 's abstract)

163 166

Brigham Young U. Dept of Chemistry, Provo, Utah. Brigham Young U. Dept. of Chemistry, Provo, Utah.

RHENIUM CATALYSTS. V. RHENIUM HEPTOXIDE- RHENIUM CATALYSTS. Vill. REENJMII l OXIDE
TETRAHYDIVPYRAN CtIMPLEX by H. S. Broadbent D[9YDRATE FROM PEREHENATE VIA ALKALI
and J. H; Johnson. (1962] [31p. tnci. table. (AFI)6R- META-AMINE REDUCTIbl, b3 H. S. Broadbent and
64-0922) (AT 18(600)1164) AD 432973 Unclassified D. W. Seegmiller. [1982])[4]p. incL tables, refs.

(AFOSR-64-0925) (AT 18(600)1164) AD 440055
Also p blsed in Jour, Org. Chem., v. 27: 4402- Unclassified

4u, Dec. 1962. Also published in Jour. Org. Chem.. v. 28: 2347-

Rhenium (VII) oxide reacts with boiling tetrabydropyran 2350, Sept. 1963.
to form a nearly colloidal, black, voluminous, insoluble
complex which has unusual activity in catalytic hydra- Ammonium perrhenate and rbenium(VIt) oxide (but
genations. It is relatively active In promoting satura- not potassium perrhenate) are reduced by sodium or
tion of aromatic hydrocarbons whereas nitro compounds lithium (but not potassium) in liquid ammonia or lithium
are singularly inert under comparable conditions. In ethylamine to black, insoluble rhentum(II) xidde di-

hydrate (Ref)- %H2 ), a new compound of rhenium,
stable to dehydration at 100'I over phosphorus(V) oxide.

164 This rhenium oxide is a catalyst for the hydrogenation
of many orpanc compounds, being particularly

Brigham Young U. Dept. of Chemistry, Provo, Utah- efficient for the hydrogenation of the carboxylic acid
function. Some Interesting examples of selective

RHENIM CATALYSTS. 11. RHENIUM(%IV) OXIDE hydrogenation are reported. (Contractor's abstract)
HYDRATE, by H. S. Broadbent and T. G. SrILn [19621
[31p. incL table. (AFOSP- 64-W923) (,AT 18(600)1164)
AD 439981 Unclassiafled 167

Alopblse In lour. Org. Chem., v. 28: 2343- British Columbia U. [Dept. of Mathematicsa
2345, SeptL 1943. Vancouver (Canada).

Excess zinc in acid solutions In the presence of air GENERALUZA71ONS OF SOME COtMBIKAIORIAL
reduces perrhenate to a finely divided black substance INEQUAUIJ7ES OF H. J. RYSER, by M. Marcus and
characterized as a hydrated rhenium(lV) oxide, probably W. R- Gordon. [1962] [11l]p (APOSH-S334) (AT 49-

R10*2. 5112 0. A survey of its catalytic activity in the (638)776) Unclassified
hydrogenation of a variety of organic substrates Is pre- Awpb ise n I11. Jour. Math., v, 7: 582-592,
sented with particular attention to the selectivity of Dc
hy& igenation observed.

Let H be a non-negative hermitian matrix of rank e
and order vwith eignvalue.).X, I..., I Xe where
-X I ý . eýAe1ý... V= 0. Lethbbeain

integer'1-andsuchthateshvv. Definekandkby
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tram (ED, k, A~ ifI (hj/v - IA~v 1) A d Let B' be thelo

Smarit of order h defined by B = (k-- X)lI + X J, where I
t thwe ten dtmatai x a nd J n n the matrix with all entries British Columbia U. [Dept of Mathematics) Vancouver
-s-W bto1. Le t obethe matrixoforder vdenedby (Canada).

eo - B . 0, "eient sum is direct and 0 is the zero THE F dELD OF VALUES OF Tth ee DAeARD Ps f-
f(*aaiofover v- b. Next, letk6-trace(H)/v, a DUCT, byM. Marcus and R C. Thompson. [1e62]161p. (AI'OSR-33$6) (.AF 49(08)776) Unclassified

L1.1 a1.- cujl fa = ((a/v) - k o)e(v- 1) and let B c be the ar

Smatrix of order v defined by B* = (k* =A*)l + Wc. By Adso e nshed in Arch. Math., v. 14: 283ru98, 19ro.

f we udersand a non-nleative concave symmetric Tho HA rmard or Schur product A o 8c rf 2 n x nThe main ore,-st or fo-llogative rst . Suco te matrices A = (giv, t h (be s tc e mathrix cathat whenever 01 + (I - f)b Gf x : f(i) > 0 1, 0 < e < 1, (

thre afhThe paper deals (t ) with the fpeld of values A o B for A,
c a(at + (1 - .)b) - ( tAe) + (I - O) a hd) b normal, in particular if A and B commute. The latter
if and oly If H nd b are proportional. Then f he called result ta applied to A psia tive defln'te hermittsn and Bs•trictly concave. Let A be a matrix with etgenvaluos a scaler function of A, corvey, non-tncressine on the
it 1 V 0, ... , *v XV 0 and let f(A) denote fu, .... ). closed interval dotermtned by the characteristic roots

of A. The results of (1) are apFlIed to certain compoundS~~~~~~~The main results are the following. If f is concave, then m~-esadgv hoeacnenn h oaino
i th marics H nd o ottsy f~') s/(e).If fis tritly products of determinants (permanents) of corresponding

concve and U ( X ... )v) f Gf, then equality holds tf minors of A and D. The Lyapunov equation AG + GA*z

and only if H and Bo have the same etgenvalues [H z B*I. K is studied. If A tos usum._,.d similar to a diagonal then

B']. the Lyapunv equation can be trarsformed to (etIffis strictly concave, andIf for some integer z, GI+* k
is the set of non-negative vectors -M at least z positive k.j which is a Hadamard product. Using this idea a

coordinates nod If k + (h - l)k 1 0 sad z•e h or k + new proof ts founu for a generalization of Lyapunov's
(h - I) - 0 and z < h 1z < v, then f(H) = f(ý ) and only theorem concerning stable matrices. if A to normal
if H and 8 have the same etgenvalues. Aen1ogous then bounds for the characteristic roots of G are also
theorems Rold for f convex with f(H) 4 f(BD). The theo- obtained. (Math. Rev. abstract)
rems are generalisations d inequalities on compound
and induced matrices. The inequalities are coznWna-
torlly significant and may be appliee to directed graphs 170
and(v,kA) €onflg,.rations. (Math. Rev. abstract,d (British Columbia U. [Dept of Mathematics] Vancouver

, (Canada).
16B

MATRMCES IN LINEAR XECHANICAL SYSTEMS. by
ifttsh Columbia U. [Dept of Mathematica] Vancouver M. Marcus. [19621 [5]p. [AF 49(638)7761

(Csanda). Unclassified

AN INEtQUALITY CONNECTING THE P-CONDITION Published in Canad. Math. Bull., v. 5: 253-257, Sapt.
NUMBER AND THE DETERMINANT, by I. Marcus. Too.-
[1962] [4kp. (AIORR-3•,5) (AF 49(W8)77e6)

Unclassified In a recent paper on the stability of linear mechanical
systems S. P. Dtliberto discusses certain reduction

Also publIaWe in Numerisclie Math., v. 4: 350-353, theorems for symmetric and skew- symmetbic
TOM- lHamiltonian matrices with respect to symplectic orthog-

onul itmIlarity. In this papr, it it shown t.at a unified
For a positive definite, hermitlan matrix A of order n, simple argument will handle both of these problems.
with characteristic values XI a .. n' the "P-condt- As an example it is indicated how the argument can also

1 n ~'e used to obtain the reduction theorem for sympleetic
tio. number" Is defined to be the ratio p = )1 /In. The orthogonal matrices. (Ccntractor's abstract)

author proves an inoquality connecting p, the determinant
of the matrix, and the principal diagonal entries a,171
namely, n-l n

dot A c- q n ait, British Coiumbia U. [Dept. of Mathematics] Vancouver
t=1 (Canada).

where q - 4p/p(p + 1)2, and shows that equality occurs
if and only If A is a diagonal matrix. The proof depends ASYMPTO'JTC VARIATIONAL FORMULAE FOR
on the Kantorovich Inequality and on some properties of EIGENVALU,%& by C. A. Swanson. [1962] [l1kp.
symmetric means. Applicatlons are made to certain (AFOSR-J259) (AF AFOSR-61-89) AD 400839
special classes of matrices. (Math. Rev. abstrAct) Unclassified

Also publlshed in %:anad. Math. Bull., v, 6: 15-25,
Jan. 1963.
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Itte elgenvalues of a second order self-adjoint eliltpic spond to the special r of the form r(A) h(dlam A). 2U.
differential operator on Riemannian mt-space Rt are con- paper also reviews, unifies, and simplifies a larg
sidered. The purpose Is to obtain asymptotic variational body of known results. (Math. Rev. abstract, modiuled
formulae for the elgenvalues wider the topological
deformations of (1) removing an c -cell (and adjoi ning an
additional boundary conDition on the boundary component 174
thereby introduced), and (2) attaching an c- handle, valid
on a half-open interval 0" e iti In particular the British Columbia U. [Dept. of Mathematics] Vancouver
formulae eA'.blt the non-analytic nature of the variation. (Canas).
Similar variational problems for singular ordinary differ-
ential operators are considered. ON COVERING SYSTEMS, by D. J. Miallory and K.

Sion. [1962] [10]p. (APOOR-W4-070) (A? AIVR-62-
261) AD 436179 Unclassified

172
Also ublished In Can&d. Jour. Math., v. 16: W2-?,

British Columbia U. [Dept. of Mathematics] Vancouver194
(Canada).

The relationships between 3 systems artestudled
ASYMP7011C ESTIMATES FOR UIMIT CIRCLE (1) Vitalt systems (V-systems); (2) a modification of
PRO)BLEMS, b!, C. A. Swanson. [1961] [111p. mde. the systems having the property (V) Introduced by
refs. [AF AFCSR-61-891 Unclassified Sion (S-systems); and (3) a modification of tMe tile sys-

tems studied in Hahn and Rosenthal (T- systems). The
Published in Pacific Jour. Math., v. 11: 1549-1559, main results state that V-systems are always S-systems;
Win~terrW16._ under certain conditions, V-syste-is are T-systems

under more stringent conditions, S-systems are T-
Characteristic- value problems are considered for the systems. It Is then shown that the converses, In general,
second-order differential operator L defined by do not hold. It ts also shown that for T-systems, mess-
(1) Ux z1/k (a) f-dVdsfp(s)dK/ds] + qi(s)xl? or. the open urable functions are itpproximately continuous. Tlhis
interval -- aw- s< x <w a-, with suitable 'v-ndary result issopled toobtain adensity theorem.,
condlitions at wt-, i,,+ w-, w~+ are, in general, singu-
larities of L. The type of result desired ts to begin
with a regular Sturm-Liouville problem. (2) Ly = 175
/jy, Uay ý Uy = 0, on the closed boundedinterval
[a, b] =(w-, w+), and obtain estimates wimlch imply that British Columbia U. Dept. Of Mathematics, Vancouver
for each characteristic value u = u1)of (2), tie limits Cia)-

of IA ab s a, b - w-, w~+ will exist. Here UaW Ub are ON RAUSOGIFF MEASRES IN 'I0POLWCICAL
appropriate boundary operators. The estimates are SPACES. by C. A. Rogers and M. mton. [10623 [101p.
obtained by means of projection mapipings on suitable (AOR-64-1626) (AF APUSR.-62-268l AD 446891
Hilbert spaces. The basic assumption In this paper is Unclas~ifed
that both Is tiwtt both w-, w+ &re limitt-circle singularities As ulse nMntb ahv 7 6-8
of L. Then estimates are given which imply that for As ulse nMnth ahv 7 098
each characteristic value X~ of (1), there exists a char- 1963.
acterlatic value a of (2, near X for a, b near o-, w+ Agnrlzdpoesi nrdcdfrdfnn

and gal - X as a, b - wi-,w, w uder suitable restrictions measures in a topological space. The sets which are
as to the limiting behavior of Uax. U . as a, b -t*-, w.+. measurable for these measures are studied. Some

bir approximation properties are established. It ise shownEstimates are also given comparing characteristic func- that, when the space X is metric, the new measurs are
tions of (1) and (2). (Math. Rev, abstract, modfied)cosyreaetohsedfndItiuslwyb e

of coverings oy sets of small ulamett-r. Some non-I173 trivial examples of measurew, constr,&.eed by the
process are also given.

British Columbia U. [Dept. of Mathems tics] Vancouver
(Canada).

176
APPROXIMATION PR)PE&1T[ES OF MEASRES
GENERATED BY CON71NUJOUS SET FUNCTIONS, by British Columbia U. [Dept_ ef Mathematicsl Vancouver
M. Sion and D. Sierve. [1962] [121p. (AR'ISR-J4?5) (Canads).
(AF AR)SR-62-261) AD 407109 Untlassilled

ADEL- PERRO)N INTEGRALS, by P. S. Bullen. [10621
Also ublished In Mathematics, v. 9: 145-156, 1962. [31p. (A? APOSR-62-261) Unclassified

The authors consider a wide class of Caratheodor!y outer Consider the class of L-harmonic functions h, defined1
measures a (1) and u (r) = t coq ()defined ini terms in le, n z 2, by the elliptic operator L. h =0 where

F of a set function r on the class of all subsets of a co. s-
pact metric space X. The Hausdorff measures corre-
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(Canitda)-
Manyof he oncpts f casscalpotetitial theory extend
to hi ela.Genraizaios o Lhave been developed MIXED DGIER ANO GNR71S

byseerl utor. sig herresults it is hoaped to FOR DECIMAL MACtIINES by J. L Allard, A. R.
exen Rdi'sclasca rsutstocover all L in, I1). Dobell and T. E. Hull. 1196211111~p. iel- tables, refs.

[A? AK)SR-62-264j Unclassified

177 Published In Jour- Assoc. Comput. Mach..* v. 10: 131-
ThTZ7Apr. 1C.

British Columbtia U!. [Dept. of Mathenuticsj Vancouver
(Canadfa). This paper summarizes the results of extensive testing

-RUC N O ORIEZSPACS B COPLEION of random number generators of the mixed congruenila
CO2I.S.ICT NOO EZSAEBYC PL IO type, 3Mast results are for %word length 10, andi special

By . S Bulen l962]' y~. (A? AFOSR-62-261, attent3no is given to simple multipliers which give fast
Unclassfified generators- Results show that these mixed generators,

tn contrast to the multiplicative ones, are not cowtsst-
Zamansky his shbyvn how to contstruct the L spaces by ently good from a statistical point of view- The cuses

which are bad seem to belong to a well-4eftned cllss
completion. In this report, the same canbst uction is whitch, unfortunately. Includes most of the generators
carried out for the Orllez spaces L, This conmstruction associated with the simple multipf.-Pra. However, an

unexpected result is that all generators as sociatied %ith
uses Zamansky's as an. example but has the advantage one of the simplest and fastest mulitpliere, naxcely 101,
of avoidlin the separate discussion of the cases p 1turn cut to be cnsistently good for word length@ prester
and p >I tCUi1ed by Zamanskk. than 7 (Bette. A final section of the paper suggests a

simple iheoretical explanation of these experimertil
results. 'Contractar~s abstract, modlired)

178

British Columbia U. !ZDeptL af Mathemnatical! Vancouver l8C
(Canada,.

British' Columbia U. I~ept. of Mathematics! Vancouver
EFFICIENCY OF PREDIC70R- CORLREC'T)OR PZO- 'Canada).
CEDURES. bv 1%; E. Hull and A. L. Creemer, '1962'
:11 j. incl- dlagrs. (AFOSR-J12101 (In cooperation STABILITYI1N THE NUMERICAL INTEGRATION OF
&ith New York U. . N. Y, 1 (Spor-sored jointly by Air ORDIMARY DIFFERENTIAL EQUJ%71O1S. by T. E.
Force Office of Scientific Rese-arch under AF AFOSR- Huoll. 11962] [2ýp. FAF AFOSR-62-2641
62-264 a" Defence Research Board -1 Canada) Unclassified
AD 424171 Unclassified

Published in Information Processing- Proc. of the
Als pi~lsedin Jour. Assoc. Comput. Mach.. *V. 10- 1biie-FitF1ederation for Information Processing

~I~i7 iy1.Congress, Munich tGermany) (Aug. r7-Sept- 1. 1962).
Amsterdam, -North- Holland Publishing Co.. 1963.

This is a study, of numerical solution of first-order p. 211- 212.
dtfferentiti. equations by predictor- corrector methods.
The study is restricted to methods of the Adams type. The purpose of this paper is to consider the stability
Some 17 different differential equations with know ama- of predictor-corrector procedures in the numerical
lyric solutions were solved on a digital computer. These integration of the initial value problem for ordiiary dif-

were done with various step sizes. va~ious predictor- ferential equations, First, a consistent corrector

corrector formulas, and with various numbers of Iter2- formula is defined as one whose- local truncation error
dons of the corrector per step. Several plots of error is Offh as h -. 0. Then, the result, is as follows- the
vs cost (-number of evaluations of the differential equs- approximate solution generated by a predictor- correc-

to)are shown. It appears that the best predictor- tor procedure will converge to the solution of the
-orrector procedures, at least for general purposes. tratial-value problem as h - 0 if and only If the corree-
rIsaAing f is fairly complicated, are those which in- tor formula is both consistent ond stable: rniaeover. a
.ares 2 evaluations of f and 2 applications of the correc-nesaradsufcntcdionornbitIsht
tcr formula per st'tp. No cotmparisnn is made with k Sk-1
Runge- Kutta type formulas. (Math- Rev. abstract-) the terns of S -a,5 are In or on the unit circle,

and that if they are on it thee are simple. In the second
part of this work, h is considered to be small but not

tbelarge (in practice 3 or 4) so that the effect of the
predictor formula Is negligible. In the third and final

th s epnumbemten rof Iteratisons persep,
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Brown C. [(Dept. of Physics)' Providence. P.. 1. Ssown V. Metals Research tab.. Providence, R. 1.

ULTRASONIC ATTENUIATION IN SUPERCONDUCTORS: SOML ASPECTS OF GRAI' .)DU,%ARY MIGRATION
A'NISTWKPY OF THE ENERGY GAP (Abstract), by IN P'LASTICALLY DEFORMED SINGLE CRV TALS. by
J. R. Lelttositz and R. W. Morse. [19621 [11p. B. I. Basu and C. Elboumt. May 1962 f19jp. incl.
1AF 49(638)6) Unclassified Ulult. diagra. (AFOSR-2643) WA 49(638)479)

Presented at meeting of the Amer. Phys. Soc., NewAD320ncssfd
York, Jan. 24-27, 1962. 'Me migration of various grain boundaries to studied

Publshe inBul. Aer.Phys So., eris I. Y 7:in Al secimens. these specimens are prepared fromn
Publshe In ull Ame. Pys. oc.* SeiesII. .7:single crystals, deformed plastically at room tempera-'

1962- tlure. Btoundary velocities are measured (far a givenn
temperature) as a functlioi 1 bounsdar rotation and

Anise: copy In the superconducting energy gap, observed position parameters. Dislocation densities and arrange-
by means of transverse ultrasonic waves, io repcrted. ments are determined in the recrystallized volume
On the tree-electron mode). transverse lattive waves of the specimen. by means of an x-ray diffraction terch-
interact more selectively with electrons on the Fermi niqtae suitable for this purpose. large differences have
surface Zhan do longltadira!i waves, and hence probe been found in the mobility of grain boundtaries. as a
Lhi gap anisotropy mure finely. The temperature de- funct!on of boundary position (tilt or twist), for a given

peiidence of superconducting attenuation ir sf TI was rotation angle., Correlations between boandary Angle and
measured As a fwiction of orientation in single crystal dislocation density in the recrystalli zed volume are
tin, at frequencies upi to 70 n c- see for all principal discusbed. Thbepassage of certain grain bomi-arles
propagation directions arnd ali polarization directions was found to produce crystals of unusually luw dii Inca-
permitted by sumznetry. Anirotropv was found --- be tion density und very uniform reflectizg power for
asscciated with change of polarization as well as propa- x-rays. Crystals ;, comparable perfection are fre-
:atior direction. Far All orientations. in addition, qtaently encounitered In some Ionic and covalent solids,
' "n wsfound, within experimental accuracy, to be but are quite unusual in Al. (Contractor-s abstract)
odemonelitial form at low reduced temperatujre as pre-
dictedi by BCS. Certair features of the anisoiropy in
apparent energy gap found to be associated with rotation 184
of pusarlzation vector in the (00111 plane (the rsuge o! gap
v'al-ars being 3.4 to 4.3 kT, are believed to be of special 'Brown U. Metals Research Lab. Providence. R_ 1.!
inte'rest. Difficulties Associated with -real metals
effects- are discassed, And someC qualitative identfifca- EFFF('7 OF THERMAL FLUICTCATI[OrZ ON STRtAIN-
.Ir.wihertsraetrcueaetetd A)H' ITUDE-'DEPE2DEN-1 DAMPING (Abstract), byn~m.wit Fem, srfae srucure re reaedL_ J Feutonicw, A. V. Granato. and K Lacke. 'I1962j

,11p. Sponsored jointly by Air Force Of-flee of Scien-
tific Research under [AF 49(M3)4791, Army Ordnance
Office, and Atomict Energy Commission)

B. t:,V Div, of Encirneering, Prur-dence. Rt. L. Unclassified

AN EXCPERIMENTAL M1E THOD FOR MEASU3MNG THE Prt-sented at meettng nf the Amer. Phys. Soc..
£ELE--TRICAL CONMUCiWINFY OF HIGH TEMPrERA- Baltimore. Md.,* Mar- 26-29, 1962.
'7!tRE GASES. bnr G_ F. And-5trqni June 196'2 :3jp,
.'ýc:,. !!us. diagrs. tables. refs. ITechnical rep*- no. Pablished In Bull- Amer. Phys. Soc. Series U,. v, 7:
'*T-35; iAR)SR-3027) iAFAFOSR-62-111; io, Mar. 26, 1362.

Ai" z~:imUnclasstfied
Although the mechanical theory of Granato and Locke

Al11so pwbltshed inpart -.;jour. Aerospace Sci.. v. 29: for the strainý-ampjltude-dependent internal friction
.2r7-3.:64, Cit. 19;2 and modulus changes of solids containing dislocations

orves a fair account_ of many of the observed effects.
llh ,~sb~tyof utilizinig the effect ? ofaandtcrting simpletheoetical calculationws shw that the effect of

zrrrent atlv. is investigated theoretically and experi- tend the theory to -finite temperatures, a detailed study
metaly e'n method debcribed is well. suited for of the possible static-equilibriumt configurations ofa

ntea~siaing the exectrilczi conductivity of gases at high pinned dislcation as a function of eiterral stress Is
denslt~es. Data which ha-.e been obtained for air in the required. Results are presented for the 2 specific
rant. ý' S4 mhos meter to 250 nihos meter at airnos- examples of a dislocation with a single pinning point
ptieric dirnsity are Included to Illustrate the use and and a continuously pinned dislocation. By considering
feasibility of the experlmental technique. (Contractor's the kinetics of breaiaway, It is shown how the decre-
.ibstruct! ment ard modulus change can be computed from these

results A qualitative discussion of expected behavior
is given.
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lion of the hrst ordt& ,rms. The paper derives- the

second order V6XB phas' shifts of the elastic scattering

.R--_ vn U. Metals Research Lab., Providence R I1. J from tLt transformed radtil equation and shows that
this simple sutbstittion in the second order hAution of

JU-P FRE ENCY OF A PINNED MI CA•ION the normal equation no songer givee the correct solu-
SEGMENT (Abstract), by A. V, Granaoo, K. CT , and lion. The phase shifts In tbc- 2 cases are tabulated for
L. [,. ) Teitonteo. J19] [JIp. [Sponsored joinfly by the Leniard-Jones potential.
Air foree Office of Scientific Research wiAer AF 49-
(M3)479, Army Ordnanc* Office, and Atomic Xnergy
commission] Unclassified 187

Presented at meeting of the Amer. Phys. Soc., BLu.. Cv. - Inc. [Bidd Electro- _!s DIv. j Long Island
Baltimore, Md., Mar. 26-29, 1962. City, N. Y.

Published in Bull. Amer. Phys. Soc., Series U, v. 7: AU'IOWATC RECIGNTION TECHNIQUES APPLICA-

MPNK7 ir., 26, 1962. BLE 10 IUGH-INFORMAT1ON PICORJRAL INPUTS,
",y A. rosevfeld. [1962; !l0jp. tncl Illus. tables.

The mean time v required for a pinned dislocation jAF 49(S38)1143) Unclassified

segment to jump away from a pinning point by thermal
fluctuatlois to given by rate theory in the form Presented at 1962 1. R. E. Tnternat'l. Conrendion. New

-1 York, Mar. 26-29, 1962

0-UK ee y Abstract clsc In Proc. Ist. Radio Engineers,
have their conventional meanings. A calculation has v. 50: 351. Mar. 1962.
been made of the effective jump frequency, or the pro-
duct of the attack frequency ro and the entropy factor Puble i. In. E. Internat'l Coiventlo Record,

exp(hSI/). This quantity is required In theo-ies of TFTflT23, 1962.

interMnl frictio creep. and flow stress. V ,J the lThis paper describes an automatic recognition technique
assumption that the normal modes of a cry,;-.1 containing which ts applicable to high-information-content inputs
dislocations can be split into the usual Debye ,ires plus such as antenna or space reconnassnce data. The
locall-.ed modes at the dislocations, the freqit~es of basic steps involved are: (I) Measurement of data tex-
the dislocation modes can be computed for both the stable ture (average apltude and contrast frequency spe-
pinned position and the saddle-point position by using Me trum); (2) Extraction of conspicuous figures. formed
vibrating-string analogy for the dislocation. From by outstanding contrast discontinuities or radical tex-
these, th- attack frequency is found using Vineyard's ture changes; (3) Recognition of certain simple straight
analysis. The result Is that the attack frequency de- line figure,, such as parallels and perpendiculars;
pends only on tMe pinning-point Interaction energy AU (4) Analysis 01 #be context in which varIus cunmi•,m-
and not on the length of the dislocation segment, in spite tions of textures .nd figures occur. Applicatitisard
of the fact that y depends on the dislocation length. For Instrumentatton powsiblitties are considerd. (Con-
AU = 0.1 ev, the jusip frequency ts of the order tractors abstract)

1010 se•c.

188
186 Buenos Air-s U. Inst. de Anatomnia General y Embriologl

Brown U. NMetalf Res.-ch Lab. ] Providence, R.I 1. (Argentina).

NOTE ON SECONDX-OIVER W. IL B. PHASE SHIS, THE EXTRACELLUIAU R SPACE IN THE 7OAD
by S. -1. Chot and J. Ross. [1962]41p. ncL. dLagrs. RETINA AS DEFINED BY TME DISTIUBU7TON OF
tables. (Sponsored joinly by Air Force Office of Scmen- FERRWCYANIDE. A LIGHI AND ELECTRON MICRO-
tiftc Research under AF I(03)87, Alfr-19I P. Sloan SOOPE STUDY, by A. Lasansky and F. Wald. [1962]
Fodation, and National Science Foundation) [171p. incl. ilius. refs. (APOSR-JIOSO) (Sponsored

Unclassified jointly by Air Force Office of Scientific Research
under AF AIOSR-W0-5 and Consejo Nacional de In-

Published in Proc. Nat'L Acad. Sd., v. 48: 803-806, vestigaciones Ctetfic•s y Ticnlcas de la RepWbltca
Wty 1962. Argentina) Unclassified

The phase shiftR for elastic scwattertng by a spherical N "bed In Jour. Cell. Blol., v. 15: 473-479,
potential are obtained by the WEB approsimallon of Dec. 1962.
the radial wave function up to second-order terms. The
dilJicultes of applying the approximation to the radial Measurements of the uptake of compdmnd that
Schrodinger eqution can be overcome by a transforma- o.-dinarily do not penetrate into Cells have been a source
tio as pointed out by Langer. Inspection of the trans- of data on the size ri the extracellular space In Aervous
foi vation equiaton suggests that the solution is the timsue. The distribution of one such compound, ferro-
same as the normal equation with the substitution of cyanide, has been studied In the toad retina by means
(1 + j)

2 
for 1(1 4 1). This was borne out by the calcula- of the light and electron microscopes. At the level of

the light microscope, ferrocyanide, detected as
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Pru3Vi:m Nwz, appears to penet.,', predr-rnattely f71000- T -170. Analysis of the data in terms of &
withln the lner processes of M36.-r cells. A llffuse hydrogen-bonded linm.r polymer yields: AN 3.1, keal;
background staining by Prussian nlce can be noiced AS= 15.8 eu'mol of hydrogen bond. The vapor pmr-
also at the Inner retinal layers. At tMe level of the elec- sore of solid and liquid HCCC1N was measured. Molar
tr-n microscope, Muller cells exhibtn ai extensively oi- euthalples and eatroptes o! fusion and vaport:mm are.
veloped system of channels which are formed by infold- 3.38 and 6. 72 kcal. 12. 1 and 21.3 en rev --ctively.
ingi of tne plasma membrane. Ferrocyanide, detected Hydrogen bonding tn this and similar a- --. is
"-s copper ferrocyarnde deposits, is found occupying the cussed. (Contrar's abstract)
lumina of these channels ard In the narrow Intercellular
gaps of the retina. These observations Indicate that in
t.e toad retina the extracellular meetum includcs the 191
intercellular space# plus a gil! cou..partment formed
by the Infoldlngs of the p

3
asma membrane of the Muller 9ureau of Mines, BartlesvIlle, Okla.

cells. (Contractor's abstract)
4- FLUOIDO7LUENE: CHEMICAL 7TM0DYD'AWMIC
PROPERTIES, VIBRATION•AL ASSIGNMENT. AD

18' INTERNAL ROTATION, by D. W. Scott, J. F. Mlesserly
and others. [1962] '7]p. intc. tables, refs (APOSR-

Buerns Aires U. nML de Anatomla General y Embrlologia 5040) (CSO-680=57-4) AD 456557 Unclassified
-Argentina).

-Alo published t Jour. Chanm PhysL, v. 37: 367-873,
MITVCHONDRIOGENFS.S IN NERVE FIBERS OF THE Aug. 15, 1962.
!NFRAREP RECEPmR MEMBRANE OF PIT VIPERS;
by £. De Roberti* and H. Blelchmar. 11962! 1ll1p. Thermodynamic data were obtained for 4-fluorotoluene
incl. Itlus. dlagr. refs. (AFOSR-J1173) (AF AFISR- and ,orrelated by methods of statistical mechanic• to
61-40) AD 424359 Unclassified der,.e values of the chemflcal thermodynamic propertes

in the Ideal-gas state from 0' to lS00K. A vibrstioial
A!so published In Zeitschr. Zellforsch. und Microskop. assignment condsitent with the calorimet•ic data wms
Anat., v. 57: 5772-582, 1962. obtained. Integral rotaton was •hown to be essentially

free. Experimental s*tdcrs provided the following
The myelinated nerve fibers that innervate the infrared information: v,'alues of• het capacity for the solid (13'K
receptor membrane of pit vipers were studied under the to the triple point), the ltquid 'triple pol•n: to 30'K1,
electronmlcrescope. Along the course of the fiber, and the vapor (377' to S00'K): the triple-point tempera-
toward the nerve terminal, segmenW of the awon with ture: the heat of fusion; ttermodyimmic functions for the
an lncrea-Ing concentration of mrtochondria were found, solid and liquid (0* to 390 10; beat of vaporization
an a special region was recognized where a' active (347t to 390 W; parameters the -e4.pation cl state;
process of mitochondrtogenests seems to occur. In and vapor pressure (341 " to 42•S 10. (Contractor's
these regions the axon has varying amounts of mito- abs tract)
chondria, is devoid of neuroprotoftbrils, and the axo-
plasmic matrix Is dense and contains numerous mem-
branes, some of which can be traced as Infoldings of 192
the axolemima. Il1e Imageo observed have led to a tenta-
tive postulation of a mechanism of mitccbondrial forma- Bureau of Mlnes, Bartlerville, Okla.
tion, which would start with the Infolding of the ax&-
lemma, would continue with the curving of 2 parallel COMBUSTWON CAIWDIMETRY OF ORGANIC
membranes around a denser portion of axoplasmic FLIUORINE OOMPOUNDS. THE W. AT'S OF ODMBUS-
matrix, the d'velopment of inner crests, and the final TION AND FORMA'rON OF THE DI FLUOROBENZENES,
closing of the membrane. The possible elect-ochenical 4-FLUODIOIDLUENE ANt m-TRIFtLUOVIDOLULC
properties of mitochondrial membranes deriving from ACID, by W. D. Good, J. L- Lici't" &Ad others. 11962]
an excitable membrane are discussed in relation to the [4kp. incl. tables. (APOSR-J56. (f-J.fi-680-57-4;
special r.ceptive properties of these nerve fibers. AD 4(093 Unclassiled

Also published in Jour. Pl'ya. tC .N v- 866- 1522-

1 1532, Aug. 196.

Buffalo U. Dept- of Chemistry, N. Y, The heats of combustion of 5 aromatic fluortie corn-

pounds were determined by a rotat•ng-bomb method of

DIELECTRIC ODNSTANT OF HYDROGEN- RNDED c imbustion calorimetry. The auit-btll~y of m-trl-
LIQLID. I. CYANDACETYLENE. by W. Danhauser fluorotolulc acid (&, a, e-triflorG-,i--tolulc ac!d) as
and A. F. Flueckinger. Aug. 1962, 4p. incl. dagrs. a reference substance for the corbc.,lo' r1ortnxetry
tables, refs. (AFOSR-J241) (AF 49(638)939) of organic fluorine compo I was Itni'st ted. The
AD 400869 Unclassified following values, in kcal tool-

4
, are -ft arted for the

Also published in Jour. Chem. Pays., v. 38: -72 sta dar heats of formation, tHf° 296. 15 froin graphite

Jan 1. 1 ,aseous hydrogen, oxygen, and flumrite- 4-fluoro-
toluene(g), -34.01: 1,2-difluorobenzene(g), -677.,5:

The dielectric constant of cypneacetylene was deter- 1.3-difluorobenzene(g), -71.35, 1,4-difluorulenzenmig),

mined over the normal liquid range: ~tI77. 69. and m-trifuoroioluic acid(c), -251. 7b.
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Bureau of Ainft, N artleai• , Okla. Bureau of Minee, Bartlesville, Okla.

1, 2-1X1IA l LR:ZENE CHEMICAL THR)DY- 1, 2-BLB-[EFLUOIDAMIM-4-MET.IVPENTANE:
NAbs. PMPE)ftR7 S AND VIBRATIONAL ASSIGN- HEATS OF COMBUS710N, PORMATON, .. ND VAPOR-
MINT, by D W. Scott, J. F. Messerly amd others. TZATION; #01D VAPOR PRESSURE, WyW. !. Gool,
I1195 8p. ind. tables, refs. (ContriNtiono. 120) D. R. Douslin, and J. P. McCullouagh f19-.. t'jp.
(AM6R-J670) .!Spoored jointly by Advanced Research (Contribution no. 116) (A.OSR-2188) (C9D-. *-59-9)
Projects Ageoq cy d Air Force Office of Scientific Re- AD 372396 UncL flfled
search under [c•-6•.o-5?,-4I) AD 413631Unclassified Also published in Jour. Phys. Chem., Y, 66: 958-959,

A pusd Jcur. Chem. Phys., v. 38: "2-53,
ja. Accurate thermodyrnamic data were &dtermined for

1,2-bis-difluoroamino-4-methy.pentsne. Thea bet of
Sher•-io4ynsmic data were obtained for 1, 2-difluoro- combustion and %apor pressure were measured and the

bmaene a&d correlted by methods of statistical m- standard heats of formation and vaporintion were
chaeics to 4*rAve values of the chemical thermodynam•c calculated from the observed data.
properties in the ideal-pa state from 0* to 150OK. A
vibrational assignment consistent with the calorimetric
data was obbilned. The experimental stud~es providd 196
the following information: ninlues of heat capacity for te
solid t14EK o the triple point), the liquid (triple potL. Bureau of Mines, Bartlesville, Okla.
to 357 ', and the vapor (355'* to 500 V); the triple-
point temperature; the tmat of fusion, thermodynamic AN INCUNED-PISTON DEAD-WEIGHT PRESSURE
functions for the swld and liquid (0* to 370 ; heat of GAUGE. by D. R. Douslln, J. Toalson and others.
vaparitton f327 , to 367 WK3; parameters of the equation Feb. 1962 [20)p. in.t diagrs. table, refs. (Contribu-
of state; and vapor pressure (304* to 403K) tinn no. 114) tAFOSR-2189) (Sponsored jointly by Air

Force Office of Scientific Research under CSO-680-
59-5 and American Pe•lroeum Iisth) AD 272397

194 Unclassified

Bureau of mues. Bartlesville, OkSla. An tnclined-ptston gauge for accurate vapor-pressure
measurements in the range 0.1 to 40 mm was designed

PERFMLUO1EPIPE[DIMNE NTBOPV, HEATOF and constructed. The gauge operates on thp dead-
t)RM[AZON, AID VAPOR PRESSUfIE N- F BOND weight principle from a zero pressure datum level. The

EWVOMY; AND SOULD STATE TRANITIONS, by W. D. test mea.urements on tce and water demomsraie the
Good , S. Todd and others. D957] 161p. tncl diagrs. excellent possibilities the inclined-piston gauge offers
table, r-ef. (Contribution no. 118) (AiOSR-J832) as an instrument for very precise and accurate vapor
(CSO-690-57-4) AD 416502 Unclussified pressure work in the low and intermediate pressure

range. Present applications include determining vapor
Prcsented in part at meeting of the Amer. Chem. Soc., pressures below room temperature for high boiling
Tulsa, Okla._ Dec. 4-6, 1957. or unstabln orgni.c substances that canmot be studied by

other static or ebulliometric methods and for detomble
Presented in part at 133rd meeting of te Amer. Chem. or rare substanes which require the use of small saw-
Soc., San Francisco, Calif., Apr. 13-18, 1958. pies. From the results. accurate values of the heat

and entropy of vaporization and entropy of compression
iJour. Phys. Chem., v. 67:. 1306- can be calcnlted. (Contractor's abstract)

Measurements were made of the thermidynamit proper- 197
: ties of per~t.•ro•piperldin~e. C5 F1 1 N. The cap.rimentai

des f pr!3*ratperdin. C FJN. Te eperaietal Bureau of MW.es. Blartlesville. Okla-
studies provided the folliDwIng: values of heat capacity
for the solid above 12 TIt a"d the itqaid below 323 K; , 2-BIS-DIFLt;OAMl.4O-4-?.,ETHYLPE•'TANE,
temperature of 2 transifiori in the foiWd state; triple- HEAJ•S OF CONLMUO ). PAO R YAL[ON, AND VAPOR-
point temperature: heats of transitlon. !•-Alon. and IZATION; VAPOR PRESSURE; A4k%'D N- r THERA)-
vaporization: vapm pressure (302' - 355 1): and the
standard heats of combustion and torrmatoi at M5. 15K. CHEMICAL BODND E3.P. EPul by W. D. Good, D R.

A value for the ',-F thermoctemical bond erkergy was dhagrs, tables, refs. (Cow:rm•ttion no. 119) WAOSR-
calculated from the results. 3904) (CSO-680-59-n• AD 415992 Ueais--,

Also published inJour. Phys. Chem., v. 6'7:, l•

The heat icd L.mbustion o- 1, 2-bis-difiluoroamino-4-

methylpertane %as measured by rotating-bomb
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rcalorimetry, and the vapor pressure was measured portance, and (3) In the recognition & Such factors as
between -2W and +20 ý with an inclined-piston gauge, the core-mixing zone distinction which have caused un-
Experimental technique* suitable for studying com- favorable comparisons of bo'rnlng velocity data In the
pounds of this claro were developed. The results were past.
used to calculate the following thermochemical data In

kcal mol at 298 151C. standard heat of formation of 199
the liquid, -60.09; heat of vaporization, 10.5!; and
standard heat of f.-rmation of the gas, -49.58. The Nr F
thernmchemical bond energy in this compeund was found Bureau of Social Sclerce Researc., Inc.. Wash,'Ington, D.C.
to be 67 kca ro!-

1
, about the same as F thermo- ON SOME DIFFERENCES IN .%-irsF$ OF RESEARCH

chemical bord energy In NF 3 and N2 F 4 but significantly AMDNG PSYCI-I SITS AND 9,XtOL0Dtb PS. b S.

Nfr'+ thfa t. t.. perfluoropiperidine. (Contractor's Z. Klauzner. Nl f'2] !2
7 p. incl. tsbles, refe. (ARFSR-

65-09-,6 (AF 49-•18992) AD 619F28 Unr.1ulstfed

Also published in Trans. of the Fifth World Congress

198 of Sociology, Washington, D. C. (Sept 2-8, 1962),
I.ouvaln (Efelglurn), InternatI. Sociological Assoc.,

Bur,'au of Mines, Pittsburgh, Pa. v- 4: 209-235, 1964.

STRUCTURE A3XD PIPAGATTON OF TURBULENT Studlies were made of the dfferences and similarittes in
BUNSEN FLAMES, by V. Burgess. '1961 42p. Incl. retearch methods of soclologists and r Sychologtats by
illus. diagrs. tables, refs., (Bufl. no. 604) (AFOSR- comparing research done In the field of religion by 2
4403) (CSO-60-58-10) Unclassified sample groups of the 2 professions. Comparisons were

made of the system levels witUh whi ch the research was
This report presents the results of several experiments concerned, the medhods of gathering data, the technical
which were performed in order to elucidate the problem terminology used by each, the type of value judgments
of turbulent flames. Included are measure~aents of v" made, and the modes of inference used. Results indicate
in flames by helium diffusion, electronic probe, and bh that sociologists tend to prefer face-to-face interview
Top-er phot-.ographs; measurements of gas flow patterns methods. to designate their ,->nceots with non-technical
by particle track and pitot tube mapping: measurements terms, to be-either neutral or positive !;& evauating the
of reactant and product concentration profiles: spectro- behavior they Yaserve, and t think in classificatory
graphic studies aimed at specifying a reaction path; and descriptive terms, Psychologists prefer more
photographic observations: and many measurements of standardized q;,estionnai,'e, methods of data gathering,
turbulent burning velocity. From the viewpoint of thts use techndcal terms tu designate concepts, are con-
report, the important advances lie (1) in a delineation of cerned with the up-ative it&e or th-ir objects of studj.
experimental conditions urder which the wrinkled flaUm, and thtnk in terms of .ndv•otre generalizatonn. T•"-we
ts -eal, (2) in accumulating evidence that the scale of methodological differences ur. doubt condition whatever
turbulence, or at lerst the burner dimension, ts of im- substanltve difference" exist between the fle'd.
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300 mean that the calls of migrants aloft tinduce grourided
birds tofly up. This suggestion isitt part supporled

California Academy of Sciences, San Francisco, by observations and analysis of the temporal pattern
of migration. Some species of passerines and some

DOES THE BOJ3OUINX NAVIGATE, .j W. J. flamilton. nonpasserines seem to maintain !locks during night
III. 1l962j illip. (APOSR-25172) (AF 49(M3)825 migration. These flocks are very open in comparison
AD 611342 'Unclassified with flocks of birds noted during daylight and it is sug-

gested that for raany species contact is maintained
Also Pubishe in Wilson Bull. . v. 724: 357-366, Dec. 31. largely by the t-All note. The night flocks (.d passerines
TRYi2 are often composed of mixed species. Possible ways

in which the call notes may serve to provid sufficient
On Sept.. 1. 1959, a .ri Aive adult fem lle liobolink orienting cures for flock maintenanice are discussed.
escaped from captivuy a Berkeley. Colifernta, This While the sonagraph analysis shows that each note has
bird had been taken from its breedimc lo-cility in North characteristics that may enhance its location, more
Dakota on Aug. 9, 19<5) and shipped t,) Afrk ley where effective corrections for direction would be possible by
ii %-As held on a lIght-altk scheduile cA.Oociding with the either hearing the same !-Adlvidual a second time or by
natural photoperlod fnr its home lcaliy 4r North Dakota. using the calls from a flock. Consistent Individual
On tne 3 nights prior to escapir this bird vwas held In an differences In structure of notes sugrest the feasibility
expý:rtmental cage autotnatical r -et'stering the direc- of corrections based on hearing subsequent notes from
tionai component of migratory zttivitv at right. On the the same individual.
first of these nights the preferred ditectio, almos5t coin-
cided xrith the home direction, while oz. the third the
dire~cito,ý was parallel to the naturall route of zin -ration 202
of the population from which this bird was dent 'M Te
direction on the second night was intermediate. On the California Arademy of Sciences, San Francisco.
first day of June of the ltolluwing yeiir this same bird
was recaptured at :he location where 4t was originally BOBOUNK MIGRA'MRY PATHWAYS AND THE!R
tiapped in Kenniare, North Dakota. SInce the e.pert- EXPERIMENTAL ANALYSIS UNDER NIGHT SKIES, by
mental site In Califortela is not on a migratory pathway of W. J. Hamiton. Ill. f 196P) f26jp. Incl. Plus. diagrv.
Dobollnkme, some navipi!'on capacity permitting the refs. (AlKMER-2519) (AF 49(33)825) AD 4-00051
eventual return seems rt the Implied. The orientation Unclassified
mechanism and the -,issible travels of this bird prior to
recapture are discussed. AlsoL publishcd leIleih Aat, v. 79: 208-23,1, Apr. 1962.

By Zbserving or rtcording automaticaill the facing
201 direction or Va!! restricted locomotion of a Bobolink

confined to an experimiental apparatus, the orientation
California Academy of Sciences, San 77racitsco, of migratory beha-rior was analyzed. Birds were

largely from a Nort'h l'skta breeding population. The
EVWENCE CO)NCERNI~NG THE FUNCTION 01F experiments were a' 7 done in and around San Francisco,
NO)CTURNAL CALL NO)TES OF )AGRAlORY BliM48 by Californta, with the birds held on local San Francisco
W. J1. Hamilton. Mi. f1962]12j12p. Incl. diagra. table, timne either in trndlor cages or under the natural sky.
refa. (AFOSR-2518) -AF 4P(6318)8251 AD 2996s95 A consider-Altion of the course tak a by geographically

Unclassified displaced birds suggests tha the preferred migration
direction depends upon a shifte-d timing mechanism.

Also published tin Condor, v. 64: 3t90- 401, Sept. 1962. Spring- migration trends to the north have so far been
obtained only ior a population of birds taken In migra-

Many species of birds migrating at night have character- tion In Florida. The responses of these Florida birds
istic call notes. Species which regularly form flocks showed wide scatter contrasting with the comparatively
during the day have a night migrAtion note apparently homogeneont' result obtained from the North Dakota
indistinguishable fm=n the daytime call note, Oil-er populadon. Experiments indicate that the Bobolink Is
Species seem to have a night note so different L~om the capable of telling direction by some feature of the clear
day note that It Is ofter, difficult to identify the ca~er. night sky. Both Iizzature and adult birds are capable
T1he most intensive night restlessness of captive caged of making such direc:tionail determinationh- The direc-
Bobolinks Is reflected by fluttering. Associated with tional choice Is proinbly based on the stars and the
this flattering is a call note which is App-reuily tce saine tinternial clock. The clock apparently does not compensate
as the call of migrants. If this call Is re?-o-.kd And for the advance of the sidereal day in relationi to the

played back to caged birds It amplifies the response cf solar day. Each population of Bobolinks throughout the

ness Bids hic hae nt ben espodin reulalymonpatwayIn the southeastern Unitied States. While
an mytubeasmdnttbei-phsooiadi taarovioul mportanttodrcinlhe s

migrtor coditon, sualy gnoe th stmuls. IL'iat igh, oherorienting cues stich as terrain features
the ivpvt -.f addltlonal calls to strongly responding oi rds, and other birds of the same species, and perhaps other
the response Is often to fly up even. though thr bird has species In flight at the same time, may provide additional
previously lear-ed that such action will result in crashing Information upon which the directional course Is based.
into the lid of the apparatus. The suggestion !q made
that this behavior, extended to natural migraktir n, may
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203 of the liquid surface as the incident beam. An experi-
mental design for such messurements using a hort-

California Inst. of Tech., Pasadena. zontal-axid diffractometer is described. (Contractor's
abstract,

STRUCTURE OF UQUIDS. by C. J. Pings. Final rept.
Mar. 23, 1962 fi21p. Incl. da;:.'s. table, rrfs. (AF-
OSR-242-3) (AF 49(638)800) Unclassified 206

Equtpmental technioues were developed ýor the measure- California in3t. of TecIt., Pasadena.
ment of the x-ray diffraction pattern from pressurized
liquids. Initial studies on liquid nitrogen at -193VC and OPTICAL DETERMINATION OF THE (OMPR f-
7 atm ia-.e been analyzed and indicate a first order EILITYOF SOUD ARGON, by B L. Smith and C. J.
co~rdination shell of 15 nearest ner•;hb4r nitrogen mole- Pings. [1962] [31p. trel. diagra. table, refs. (AH)SR-
cules at a distance of 4A. Prior suggestions of the J289) (Sponsored Jointly by Air Force Office of Scien-
existence of an N4 molecule have been shown to be un- tific Research under [AF AFOSR-62-141j and Office of
reliable. Apparatus tas designed an! co.,Atructed for Naval Research) Unclassified
the- measurement of refractive index of solids and
liquid. urnder conditions of controlled temperature and Also published in Jour. Chem. Phys., v. 38: 825-827,
pressure. The device is currently being used for studies Feb.J Ce38

ol refractive index of solid and liquid argon. Both the
x-ray diffractlon and refractive index studies are con- The compressibility of solid argon was measured in
ttitua. (Contractor's abstract) the temperature range 78: to 84 OK by a new optical

method. A value for the coefficient of thermal expansion
was also obtained. The results are

204 kT = (6.65 ±0.19) x 10-I1 cm
2 

dyn 1
- at 78 K and

Cz!,.:,rnia Inst. of Tech.. Pasadena, . ý (1.95 - 0.07) K 10-3(*K0- 1 
at 81-lK. The expert-

-STRUCTURL OF LIQUID NITROGEN, by C. J. Pings. mental method is discussed and the results compared
"1962: [I1p. Intl. diaagr. (AFOSR-J4) (Bound with Its with existing experimental data. (Contractor's
AFOSR-2423, as appendix C) (In cooperation wttn abstrAct)
Stanford U., Calif. ) (SponRored jointly by Air Force
Office of Sciertific Research under [AF 49iC38)8001.
Naonal Science Foundation, Office of Na.-al Research, 25
and Research Corporation) AD 400074 "--classified "aliforn.a Inst. of Tech., Pasadena

Als4- -abltshed in Molec. Phys.. v. 5: 531-534, Sept.
1;e42. OPTICAL CELL FOR PRESSUMZED SOLIDS AND

I" '13IDSS AT CRYOGENIC TEMPERATURES, by B. L.
The experimen•raly determined electronic radial distribu- St.Aih. A.ly 1962, 3p. tncL dlag'rs. refs. (AIOSR-
tion fu-iccion for ltquid nitrogen at 7 atm and -193 C is J290) (Sponsored jointly by Air Force Office of Scien-
:p-rwed, indicating an average coordination shell Ufic Re.esrch under [AF AFOSR-62-141J and Platioaal

cý -.;ered at 4. 0A containing 15 molecules. Subsidiary Science Foundation) AD 408018 Unclassified
Oeaks in the distribution at about 2.2A are shiowr.n to very
lhktX arise from truncation of the Fourier Integral Also published in Rev., Scient. Instr., v. 34: 19-21,
Ataysts reveals that a resiticted increase in the range T '-L -
_.f J.f!ractdon data may actually increase the prominence
ai. certain error features. (Contrator's abstract) An apparatus designed to measure the refractive

Indices of the inert gases over the temperature range
77 ý to 273 =K a" t .pr•s•ures up to 100 atm is de-

215 scribed. Techniques are given for calibration of the
optical cell and the production of a suitable solid speci-

Califo-nta Inst. of Tech., Pasadena. men. The accuracy of the method is discussed and It
is shown how polarizability and compressibility may be

CELL FOR X-RAY DIFFRACTION STUDIES OF deduce(. from ihe refractive index data.
ABSORBING .,LIQDS. by S. E, Rodriguez and C. J.
Pins. 319621 f2lp. incl. diagrs. (AEOSR-J238,1
ISpt .isored jointly by Air Force Office of Scientific Re- 2D8
search under AF ArOSR-62-141 and Office of Naval
Research' AD *N-R- q72 Unclassified California Inst. of Tech., Pasadena.

Also published !n Rev. Scient. Inst., v. 33- 1469-1470, REFRACTIVE INDEX OF SOLID ARGON, by B. I.
Dec. [W.~ Smith and C. J. Pings. [1962] [4]p. Incl. diagr. tables.

(AFOSR-JI505) (AF AFOSR-62-141) AD ,29259
X-ray diffraction measurements on highly absorbing Unc;asslfled
liqctds are often carried s-ut by a reflection method In
wh. -h scattered intensity is measured on the same side Also published in Physica, v. 29: 555-558, May 1963.
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The refra-tlve index of solid irgon at 5893A war- the problem is simplified to permit analysis. The
ineasured in the temperature range from 78 to 04 -K propagation characteristics of the dominant principal
and at pressures up to 71 atm by determination of the modes are given theoretical., and experimentally.
angle of win, deviation of a prisu- shaped sample At (Contractor's abstract)
83.914K and P - 0. n -1Iý26820 * 0.00016. (Contractor's
abstract)

211

209 Califor-nta Inst. of Tech. Antenna Lab., Pasadena.

California Inst. of Tech.,* Pasadena. A THEO)RETICAL STUDY OF THE SCATTESUNG
OF ELECTROIMAGNETIC IMPULSES BY FINITE

INERT GASES-IDEAL ATOMS FOR RFSEARCP. by OBSTACLES, by W. P. Brown, Jr. June 1962, 144p.
B. L Smith. ý19621J 61p. tne. l~us. diagrs. iAF inc. Illus. (Technical rept. no. 28) (AFOSR-3016)
AFOR-62-.l4l, Unclassified (AF 18(G00)1ll3) AD 282745 Unclassified

Published in Eng. and Set., v. 25. 14-19, Jan. 1962. A general approach to the solution of pulse scattering
by finite obstu'cles Is formulated which features the

'Me suitability of the Inert gases, argon, neon, helium, Identification and separate treatment of the individual
krypton. xenon, and radon, for research .n the develop- te-ms In a wavefront expansion of the transforms of the
ment of the molecular theory of the physical properties field ",ectors. 'It is demonstrated that the dispersive
if matter Is discussed. The atoms are characterized by eftect of a finite conductivity in the scattering obstacle
full and stable electron shells, which givee them. their can be neglected for all metals but that it may be sig-
Inert properi.es. They have been likened to ininature nificant for poorly conducting matertias such as dry
"ping-pont, halis o.ften used In scieutific theories-easy earth. T'he wavefront technique is employed to solve
to handle mathenuticallv because they are spherically the problpms of the tranismission of a delta pulse through
symmetrilcal In their Interactions. With the exception a conducting dielectric slab anil the reflection and Vi-
of heltumn. they are readily liquefied and saldified by fraction of a delta pulse from a perfectly conducting
normal low temperature methods. -They may therefore sphere. Thle transmission problem results provide a
be studied as gases, i~od.or soltcd-i. Work with the convenient example of the usefulness of the wavefront
Inert gases at the California tinst. of led', and their approach. The results for the sphere problem indicate
appllcrtions in uthor fields of study are discussed, that the nature o! the waves observed at a given spatial

paint change in tim,ý. It Is shown that the penumbra
and the caustic region in the vicinity of the focal line

210 are Initially of zero extenL The rates of exp~ansion of
these regions with Increasing time are obtained by a

California Inst. of Tech. Antenna Lab.. Pasadena. consideration of the error ter!-.i in the asymptotic ex-
pansions of the fields. The temporal behavior of the

ELECTIKJMAGNE71C SURFACE-WAVE PIVPAGA'IION near and far fleld zones is obtained in a similar manwr.
ALONG A DIELECTRIC CYLINDER OF ELLUPTICAL (Contractor's abstract)
CRO)SS SECTION, by C. W. H. Yeh. Jan. 1962, 2D2p.
i.dx. tllus. diagrs. table. refs. (Technical rept. no.
27) (AFOSR-1991) (AF 18(6D0)1113)1 AD 2-734988 212

Unclas5:fied
California Inst. of Tech. Antenna Lab.. Pvsadena.

Also published In Jour. Appl. Phys., v. 33: 3235-3243,
Nov. YiW. rTftl~e varies) jSTI.DI ES OF ANTENNAS, PLASMAS, AND NDN-

UANEAR COMPONENTS] by C. H. Papas. Flual review
The problem of electromagnetic wave propagplion along rept. Oct. 1962, lip. (AFOSR-4604) (AF 18(600)1113)
a dlicectric rod of elliptical cross section Is considered. Unclassified
Ther fie-ld components and the dispersion relations of the
principal modes zre obtained. The principal modes de- Ile work performed during the 7 yr tenure of this
generate to niodes of the circular dielectric rod as the contract Is reviewed. In large measure the research
eccentricity of the ellikitical rod appr'aches zero. It Is was of a theoretical nature, consisting of the application
found that there are 2 non-&.generate principal modes of Maxwell's field equations to a variety of problems
which possess no cut off frequencies. The boundary con- zrlsing from: antenna theory, scattering theory, elec-
ditions for the elliptical rod cannot be satisfied by using tromagnetic fluctuatic-n theory, plasma thecry, and the
a at ngle product term consisting of a radial and a periodic theory of wave propagation in inhomogereous, aniso-
Mathieu function of a specific order to describe the field tropic dispersive media. A total of 22 technical reports
components I n the. .ecions inside and outsi de the rod. It have resulted from this research in addition to journal
is bellieed that an infinite series of such product terms articles.
must be used to describe the field components in both
re-gions. It is show'i thit the boundary conditions may be
fulfilled If the field components In I of the 2 regions are 213
represented by a sing'e product term consisting of a
radial and a periodic Mathieu function of a specific order. California Irr-i. of Tech. Antenna Lab., Pasadena.
Th e field components In the other region are then repre-
sented by an infinite series of such product terms, and DOPPLER EFFECTS IN INHOMOGENBOUS
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AN190Tg)PIC IONIZED GASES, by K. S. H. Lee and low-frequency cutoff andS At ong dispersion. The tin-
C. H PApas. [19621 72p. Inc. diagrs. CAPO8R-JI543) pulse response has been obtaJ nod as well as the response
(AF A.IOSR-63-70) Unclassifted to zdamped sinusoldi I drIving current. Ile received

wavo trains exhibit a [*ehavior Similar W that discussed
Also published in Jour. Wath, and Phys., v. 42: 189- in the classic treatmert by Somizerfeld and Brillouin of
Io.--i7Irw. opticit' dispersion. 7Te problem of measuring phase

velocity with sit iusoidal wave trains of finite dur-tion
A general formula 'or the Doppler effect in an intxomoge- and with julses wIl be discusaed.
neous anilsotropic medium is derived from field- tho--
retic consideratious. The anisotropy of the medium is
assumed to be caused by a magnetostatic field as in~ the 216
ionosphere. The formula is applied first to the :eAse
where the medium Is isotropic (zero magnetostatic field) California Inst. of Tech. [Dept. of Elec-trical
and plane stratified In the edrcctlon of propagation, and Encnetcrtnv) Pasadena.
then to the more general case where the inedium Is
anisotropic (non-zero magnetostatic field) and plane EXPERIMENTAL OBSERVATIONS OF CCOXPRESSRONAL
stratified In the direction of propagation. The source of HYDIUJMAGNETIC WAVES (Abstract), by D. G.
radiation Is assumed to be stationary with respect to Swanson and R. W. Gould. [1962]1 Ilk. [ATF 49(638)820]
the medium. Unclassified

Presented at meeting of the Araer. Phys. Soc., Atlantic
214 City, N, J., Nov. 28-Dec. 1, 1962.

California lust, of Tech. j~ept. of Electrical Published in Bull. Amer. Phys. Soc., Series It. v. 8,
Engineering] Pasadena- 152. Feb. 28, 1963.

SUMMARY OF RESEARCH. 1. VtLF PRO)PAGATION Observations have been made of the compresuional
STUDIES. 11. LASER STUDIES. Final rept. Mar. 31, hydronaagrnettc way' in 2a Wilcox- type hydrogen plasmr-
1962. 7p. mcl, refs. (AFOSR-2951) (AF 18(60011552) filled wavegulde. The Impulse reesponst of the s7st'm
AD 411862 Unclassified has been measured by using a 50-nsec current pulse

through a loop immersed in the plasma and by deiect'n,
Early work was concerned with the development of the the signal 20 and 40 cmn away with magnetic probes. The
theory of an unusual VLF antenna utilizing an existing Fourier transforms of ihe resulting oscillogi-ams lead to
power line as the radiating element. The systemura a dispersion relation that has been compared with a
operated successfully at 8. 4 kc. Many 24 hr runs were theoretical dispersion relation. The measured wavegulde
completed and the day-night differences in the propaga- cutoff frequency (w a has been observed to lie consist-
tion mechanism were studied. A detailed analysis of the ently lower than the expected value by as much as a fac-
operation of the antenna system, ircluding the use of a tro .Tevraino hserrwt rsuesg
computer was completed. A major effort was undertaken gests the presence of impurities. Thits hypothesis Is
to attempt to create round trip artificial whistler echoes consistent with our measurements on the torsional wave
uFlng this transmxitter as a source. When no delayed that give the same result for the AItien speed as Is de-
eer--s resulted, the VLF phase of the project was rived from r.c The linear dependence of woupon the
dropped In favor of work on lasers. The research on 0.
lasers has encompassed 3 main studies- mode structure magnetic field has been verified. Theoretical considera-
and radiation patterns, the mercury- zinc gaseous laser, tions, including effects such as nonuntfor-i density,
and interactions of high intensity beams of electromag- modified boursdarv condition at the wall. Hullt :'rin I
netic radiation with matter, Ohm's Law, generally lead to a bhither cutoff frequency,

an&, therefore, do not seem to explain our result.

215
217

California lust, of Tech. [Dept. of Electrical
Engineering] Pasadena. California Inst. of Tech. Graduate Aeronautical labs..

Pasadena.
DISVERSION OF HYDIU)MAGNETIC WAVES (Abstract),
by R W. Gould. [19621 [1kJ. [AF 49(638)8201 AMES TES7S ON THE FLUTTER OF CYLINDRICAL

Unclassifeie SHELLS, by R- 0. Stearman, M4. H. Lock, and Y, C.
Fung. Dec. 1962 i59k. incl. Illus. diagrp. tables, refs.

Presented at meeting of the Amer. Phys. Soc., Texas (Aeraelasticitv and Structural Dynamics rept. no. SM 62-
U., Austin, Feb. 23-24, 1962. 37) (AFOSR-4727) (AF AEOSR-62-374) Unclassified

Published In Bull. Amer. Phys. Soc., Series U, v. 7:- Two series of experiments on tMe flutter of thin-walled
I49-T-S7ibf3, 1962. circular cylinders were performed at the Ames Unita-ry

Plan Wind Tunnel. In the first series. although the
The dispersion of waves generated by a current- carrying model had a radius- to- thickhess ratio of 1333, and was
loop in a hydromagnet! c waveguide has been studied, designed to flutter accoriang to all published theories
Attention Is focused on the compressional waves (as based on potential flow, no flutter occurred except In
opp:ssed to the transverse Alfvin waves) which exhibit a the vicinity of buckling conditions. In the second series,
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umodels having radius-to-thickness ratios 1951 and 2500 220
were tested, and flutter wl~s observed. This paper de-
scribes the emperimental results and their interprets- California Inst. of Tech. [Guggenheim Aeronautical Lab.I
tions. (Contractor's absiract) Pasadena.

FLUTTER OF A rnNG OF PANELS, by R. 0. Steara.
218 July 1962. 59p. incl. diagre. tables, refs. (Aeroelas-

titcty and Structural Dynamics rept. no. SM 62-35)
California !nst. of Tech. [Guggenheim Aeronautical Lab. I(AF15SR-3121) (AF 49(638)220), AD 610437

Pasadena. Unclassifted

FORMULAS FGR THz; DETERIWXATION OF THE A theoretical investigation was mnade on the flutter of a
MATERIAL DAMPING OF A CYLINDRICAL SHELL BY grid of panels in a supersonic flow,~ The problem to
A DECAYING FREE VIBRATION. APPENDIX- APPIK)X- formulated by considering this structure as a limiting
WATION FORMULAS FOR BESSEL- AND HANKE!- case of a more general. configuration composed of a
FUNCTIONS, by H. Krumhaar. June 1982, 47p. inc. ring of panels (I. e., an axially stiffened cylindrical
dlag. raft. (Aeroelasticity and Structural Dynamics shell) whose outer surface to exposed to a supersonic
rept. no. SM 62-31) (AFOSR-299) (AF 49(6U8)220) flow parallel to Its axids. It Is shown that the flutter
AD 610436 Unclassified analysis of ths more general .zonflg'jration can be re-

duced to the analysts of an 'equivalent' single panel
Formulas are given to d&nermlne the struilural dam'ping using the circulant matrix idea. The reductioni proce-
of a thin cylindrical shell by a decaying free vibration in dure, applicable to most cyclic configurations. allow'q
still &1r. The material dampirg Is assumed to be of the for all r.'ps of Inter-element (panel) coupling and is
viscous type. Toit~. "lunt for the elastic forces the subject to the scle restriction that the dynamic phe-
ltnearl.,ý-d Timoshen~it equations and Reissner's shallow nomenon be satisfactorily described hy linear theory.
shell equations were used. To account for the acoustic (Contr-actor's abstract)
oressure due to the surrounding air the acoustic pressure
derived for a vibrating cylindrical shell of infinite length
was it-tployed. The trapezouit rule Is applied to the 221
Inte'mnal representationis of Bessel and liankel functions.
In this way approximation furmulas for these functions California Inst- of Tech. 'Guggenheim Aeronautical Lab.:
are obtained, (Contractor~s abstract) Pasadena.

ON CORRUGATION-STIFFENED PANVELS, by Y. C.
219 Pung. J~ine 19Q2. 28p. incl- dtiagrs. iAeroelasticltv

and Structura! Dynani cs rept. no. SM C~2-33; (A FOSR-
California List. of Tech. [Guggenheim Aeronautical Lab.: 3122! (AF 49(6381220! AD 429770 Uncl~Asst'ed

Pasadena,
A corrugation- stiffened panel cons-sts of a flat plate

EXPERIMENTS OIN THE FLUTTER OF FLAT AND and a cylindrically corrupted plate welded toge:)-.er
bLUGHTLY CLAVED PANELS AT MACH NUMBER 2.81,~ along lines of contact. Such a panel appears on air-
by W. J. Anderlion. June 1962, 72p. Inc! 11'lus. diagrs. and space-craft mainly for its thermal-stress relleving

tab.'~. rfs (Aroeasiciy ad truturl ynamics characteristics. In so'ne current publications sucha

rept. nuo. S*A 62-34! (A OR-2996) (AF 49(638)220) plate is treated as 4n orihotropic plate. It is pointed
AD 410U7 Unclassified out that the ordinary plate theory cannot be apPlied to

the co)rrugationi-stiffened patiel. because the basic
The series of panel flutter tests were carried out In the twisting moment relation, .1i - 14. becomes untenable.
Jet Propulsion Laboratory's 12 In. supersonic wind x
tunnel, Flat and slightly curved panels were tested at A differenice-differential --!uation is established here
Mach number 2.81 The flat, rectangular panels were for the zorrugat-on- stiffened panel. In an approximation.
designed to study 2-dimensional flutter. They were the difference- lifferentlal equation is written As a
clamped at front and rear with tree sides which extended partial differential equation which has the sa- e form
Into the boundary layer at the sides of the tunnel. These as theorihoiroptc plate equation. The pre~sen' theory

fluter n a2-diensona moe whch ccuredtells how to interpret the coefficienis as relathA to the
panels fllate Inaeometry.lmoe hihocure Seone consequences Vtth riqga t to the
at a thicknes ratio approx 11; difernt from the pre- statec deflectio n ibainmde n r.'i~c
dictions of existIng, theory. One of the panels exhibited ofti corrugation-stffned pibatinelos a ne disused If the,
a 3-dimensional ,rocting"* flutter which has not been oforuat corr ect o-thfene eperanta nel opcedscsed If Super
observed or discussed before. A theory is developed sn' fomlutter counrriet th giveentby envrdos. uof sa. and

for this type of flutter. The slightly curved panels were Guyc Islustedr oehtifr boundarye ivnb ids, Tobtaained

shallow circular cylindrical shells with the generators but. thued moiato Isom noht diafrge.t (CountractrysotieI perpendicular to the flow direction. These panels were abstract)all of aspect ratio one. It war found that the effect of
curvature was destablizzing and that the effect of Internal
pressurization was stabilizing. (Contractor'sabtc)
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222 224

California Inst. of Tech. [Guggenheim Aeronautical Lab. j Califoria Inst. of Tech. [Guggenheim Aeronautical Lab. I
Pxs.dena. Pasadena.

SOME NONLINEAR VIBRATION AND RESPON.SE A NOTE ON THE APPLICATION OF -7-E QUASI-
PROBLEMS OF CYLINDRICAL PANELS AND SHELLS, STEADY SUPERSONIC-FLOW THEORW ri) FLU. FER
by B. E. Cummings. June 1962, 131p. incl. diagrs. ANALYSIS, by M. H. Lock. [1962) flIo. [AI 1*08)-
table, refs. (Aeroelasticity and Structural Dynamics 220) UnclAsfied
rept. no. SM 62-32) (AFOSR-3123) (AF 49(638)220)
AD 432757 Unclassified Published in Jour. Aerospace Sc., v. 29: 1133, SePL

Large amplitude vibrations and for-zed responses of
curved panels and shells are studied by the application Application of the quasi-steady supersonic-flow theory
of the shallow shell equation. The Galerkin procedure to the problem of the flutter of 2-dimensional panels
is used to reduce the nonlinear partial differential equa- led to the prediction that all panels would flutter (re-
tions to ordinary nonlinear equations. Marked differ- gardless of stiffness) If the flow Mach number was ls
ences are found between the behavior of curved panels thanE 1, whereas analyses that employed the complete
and cylindrical shells. Relations for the dependence linearized supersonic-flow theory indicated that saftf-
of the free vibration period on amplitude are given. A ciently stiff panels would not flutter in this range. On
2 mode analysis of the cylindrical shell problem is In- the other hand, at Mach numbers above n there was
cluded. The curved panel Is found to exhibit a buckling good agreement between the predictions of flutter a-
phenomenon for the simple "breathing- modes. Shock lyses employing both aerodynamic theories. The pur-
response methods are used to predict dynamic buckling pose of this nott is to clarti- this situation.
of the curved panel and the predictions are verified by
numerical integration. The cylindrical shell vibrations
.And responses are found to be governed by Duffing's 225
equation and certain of the well-known properties of
Dufflng's equation are applied tc the cylindrical shell California Inst of Tech. 1Guggenheim Aeronautical Lab.
dynamics. The 2 mode analysis of the cylindric•l shell Pasadena.
is showr, to exhibit weak coupling, allowing the separate
excitation of the coupled modes. Some numerical re- THE HYPERSONIC APPRDXIMATION FOR THE SHOCK
salts are given. (Contractor's abstract) STRUCTURE OF A PERFECT GAS WITH THE

SUTHERLAND VISCOSITY LAW, by W. B. Busn- Feb.
1962, 24p. incl. dtagrs. (AFOSR-2257) (AF 49(638)-

223 476) AD 275884 Unclassified

California Ir.st. of Tech. fGuggenheim Aeronautical Lab.,l The classical Navler-Stokes treatment of the shock
Pasadena. wave structure is investigated for a perfect gas with

constant specific heats. The viscosity of the gas is
SUPERSONIC FLUTTER OF TWO-DIMENSIONAL FLAT prescribed according to the Sutherland law. The
PANELS: AN EXPERIMENTAL ZVALUATION OF THE Prandtl number is 3 4. The limiting forms of the solu-
THEOR1. by M. H. Lock. t1962, ;7ýp. bl, diagrs. tion as the upstream flow Mach number approaches
,AFOSR-5271) •AF 49(638)2201 AD 414799 Infinity, with all other parameters held f'red, are

Unclassified studied. Two distinct asymptotic series, as M, - -,

are founoa zr the portions of the shock adjacent to the
Ais- published in Proc. Fourth U. S. Nat'l. Congress uniform reghri. upstream and downstream of the shock
App. Mech. California U.. Berkeley !J une 18-21, and these era itons are matched In an intermediate
l 92. New York, Amer. Soc. Mech. Engineers. v. 2: region of common validity. The leading terms of a
1351-1357, 1962. unld.-rmly valid expansion are obtained by combining

ele--.,cts from both ex•ansions. ý,-_ctal attention is
At. experimental eialafation of the wheory of supersotic given- to the entropy and the entropy production rate in
flupter of 2-dtmensiorndl fat panels was undertaken. Ex- the shock wave., The effective thickness x of the shockper',inental flutter boundaries were obtained between la found and the Reynolds number based on this effective

M.ch numbers 1. 15 and 1. 5 and a detailed comparison oluiyo
i theory and experiment carried out. Agreement be- thickness is shown to be: Re M1

Meen the theoretical a"d experimental flutter boundartýs shock
is poor In the lower supersonic Mach number range but i
a.•Proves at the higher Mach numbers. The theory as M - -. It is also shown that i the viscosty law is

appears to be overconser-ative for the prediction of generalized tog = Th, then Re h '- as M1 . -.
flutter boundaries at the lower supersonic Mach numbers. (Contractor's astract)

A possible cause of this Inadequacy of the theory is
discussed.
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226 velocity and stagnation enthalpy profiles. In this case
the accuracy of the method to poor; however, sugges-

California Inst. of Tech. Guggenheim Aeronautical Lab., tions are made as to how it might be improved within

Pasadena. the present framework. (Contractor's zbstract)

SLENDZR WINGS AT HIGH ANGLES OF ATTACK IN
HYPWEMONIC FLOWS, by J. D. Cole and J. J. Brainerd. 229
19411 [221p. Ind. M11. dtagrs. ables. (AFOS-J1490)
A? 49(G3S)476, Unclassified California Inst. of Tech. Guggenheim Aeronautical Lab.,

Pasadena.
Presented at AM Internat'l. Hypersonic Conf..
Cambrldge, Mass., Aug. 16-18, 1961. STABILITY OF THE COMPRESSIBLE LAMINAR

BOUNDARY LAYER, by L. Lees and E. Reshoikm.
Alm publishe ,-r in Astronaut,. and Rocketry, [19611 1361. tel. diagrs. table, refs. (AFOSR-3208)
v. 71: N1-341 , 1062. [AF AFOSR-62-291 Unclassified

For abstract see item no. 155, Vol. V. Also published in Jour. Fluid Mech., v, 12: 555-590,

227 The present study of the stability of the compressible
laminar boundary layer shows that, although the basic

California Inst. of Tech. [Guggen.etam Aeronautical Lab.] stability mechanisms are the same as for incompressi-

Pasadena. ble flow, the relative importance of the various mecha-
nisms changes considerably with Mach number. Instead

LIFT OF SLENDER DELTA WINGS ACCORDING TO of being nearly constant across the boundary layer, the
NEWTONIAN THEORY, by A. F. Messiter. 1962] amplitude of inviscid pressure fluctuations decreases
191p. Incl. diagra. refs. (AV 49(638)476) AD 413121 markedly with distance from the plate surface at Mach

Unclassified numbers greater than 3. Because of this behavior the
rate of absorption (or production) of disturbance energy

Published in AIAA Jour., v. 1: 794-802, Apr. 1963. near the critical layer is greatly reduced, as compared
with subsonic or slightly supersonic flows. At Mach

An aproximate system of equations is derived to de- numbers less than about 2, d~wipation effects are
scribe the inviscid flow past a flat slender wing at angle minor, but they become extremely important at high

of attack, in the limit y - I and Mai stm - ". The aspect Mach numbers. The minimum critical Reynolds number

ratio is rquired to approach zero at the same re as for an insulated flat plate boundary layer decreasesrato i reuird mappoah zro t te sme ateaswith increasing Mach number in the rag 0 s M_ -s 3.

the Mach angle in the flow behind the shock wave. Only w
a single parameter appears in the resulting equations, Since the wave-number varies like liMe when Me ,
and a similarity law therefore can be written expressing the minltrtm critical Reynolds number Is likely to
a correction to the Newtonian normal-force coefficient. increase sharply at hypersonic speeds. Numerical
For the delta wing, a correlation of experimental da examples illustrating the effects of compressibility,
according to the similarity law is shown, and the first incuding neutral stability characteristics, am obtatned.
terms of the solution are derived under the assumption
tat the similarity parameter is small (vertex angle
much smaller than Mach angle), (Contractor's abstract) 230

223 California Inst. of Tech. [Guggenheim Aeronautlcal Lab.]
Pasadena.

California iLst. of Tech. [Guggenheim Aeronautical Lab.]
Pasadena. MATCHED-CONIC APP1)XIMA'ION TO THE TWO

FIXED FORCE-CENTER PROBL:;M, by P, A.

THE EFFECT OF HEAT TRANiSFER ON SEPARATION Lageratrom and J. Kevorkian. [1962) [9]p. (AFOSR-

OF LAMINAR COMPRESSIBLE BOUNDARY LAYERS, J801) (In cooperation with Douglas Airr'raft Co., Inc.,

by S. B. Savage. June 1, 1962, 43p. Incl. dlagrs. Sknta Monica, Calif.) (AFA JOSR-62-256) AD 413865

tables, refs. (Technical rept. no. 2) (AFOSR-2946) Unclassified
(AF 49(638)916) AD 277354 UnclassIfied Presented at Seventeenth annual meeting of the Amer.

Tani's integral method (Jour. Aeronaut. Sci., vY, 21:, Rocket Soc,, Lts Angeles, Calif., Nov. 13, 1962.

487-504, 1954) is extended to treat laminar 2-dtnmen-
sional compressible boundary layers with heat transfer Also published In Astronom. Jour., v, 68: 84-92, Mar.
and arbitrary pressure gradient for both attached and 1963.

separated flows. A carefully chosen one-parameter
family for the velocity profiles and a universal stagna- Planar motion of a particle of negligb, e mass from the

tion entlalpy profile are assumed for atached flows, neighborhood of a gravitational center (tte -earth') of

The accuracy of the method is exanined by comparing mass 1-u to the neighborhood of a secrnd center (the

the results with several exact numerical solutions and noon) of mass s is studied by asymptotic methods for

satisfactory agreement is ,bt*ined'., ,or separated the case is - 1, The calculations are carried out for

flows one-parameter families - e assumed for both the the case of 2 fixed centers. It Is poidted cut, however,
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that the met .ods used are also appilcable to the case of 233
the 2 centers rotating around their center of mass, that
is, !o the I-miting case of the restricted 3-body problem California Inst. of Tech. Guggenheim Jet Propulsion
for which the second mass 's much smaller than the Center, Pasadena
first. A uniformly valid sli'..tion describing the passage
from the earth -3 the moor. ad the motion in the neigh- RADIATIVE TRANSFER STUDIES AND OPACITY
borh.aod of the -non-i is obtained. Each part of the CALCULATIONS FOR HEATED GASES, by S. S. Penner
motion is in the first approximation a Keplerian comic and R. W. Patch. Jan. 1962, 42p. incl. diagra. refs.
relative to the earth and moon, respectively. However, fTechntcal rupt. no. 6) (AfOSR-1901) (AF 49(638)984)
these conlct cannot be matched directly; In order to AD 2717?8 Unclassified
determine the second part, as well as the subsequent
matlon, it Is necessary to compute a correction of order ALWo published in High Temperatures in Ae,.onauttes;
as to the first part. This statement is equally true for the -r:7o':ja SToii held in Turin to celebrate the 50th
restricted 3-body problem. (Contractor's abstract) anniversary of the Laboratorto di Aeronautica,

Polltecnilco dl Tortno (Italy) (Sept. 10-12, 1962), ed.
by C. Ferrari. Milano, Tamburini Editore, 1964,

231 p. 211-238.

Caliio-na Tdtn. of Tech. Guggvnheim Aeronazicai , Reresentative radiative transfer studies and recent
Pa•'adenaj developments in opacity calculations for heated gases

are outlined. The following topics are treated: the
THE .TWO VARIABLE EPA•N•ION PIR)CEDURE FO'R formulation of radiative transfer problems; the definition
THE APP SOICIMATE SCLUTION OF CERTAIN NO- of opacities and radiation free paths for the important
LINEAR DIFFERENTIAL EQUATIONS, by J. Kevorkian. limiting cases of a transparent gas and an opaque gas;
Dec. 13. 1962, l14p. Incl. diagrs, refs. (Rept. n.. tle reformulation of the conservation equations with
SM 426201 (In cooperation with Douglat. A'rcraft Co., proper allowance for radiative energy transport:
Inc., Santa Monica, Calif.) (AF AFOSR-62-M56) selected calculations of spectral absorption coefficients
AD 426822; AD 437675 Unclassified' in molecular systems; and continutmu radiation In

plasmas containing polyelectronic, partially or com-
Presented at 1962 Summer Inst. in Dynamical Astronomy, pletely ionized atoms.
Yale U., New Haven, Conn.

A ;ýethod is presented for deriving the asymptotic repre- 234
aentation vaild for lae-ge times for the motion of a parti-
cle under the Influence of a predominantly linear restor- California Inst. of Tech. Guggenheim Jet Propulsion
ing force and small nonlinear perturbations. It is shown Center, Pasadena.
that such an asymptotic representation must be a function
of two time variables, in order to depict the behavior of SIMILARITY PARAMETERS FOR REACTIlNG, MULT[-
the solution. The basic ideas are explained by the liberal COMPONENT GAS 'dIXTURES WITH RAIXAT VE
use of simple examples, and the method is also applied ENERGY TRANSFER, by S. S. Pen-.er, M. Thomas,
to two Idealized problems In celestial mechanics, and G. Adomeit. [1962] 12p. Incl. dlagr. [Technical

rept. no. 7] (AFOSR-2578) (AF 49(M8)984)
232 AD Z7627- Unclassified

The similarity groups for multicomponent, reacting gas
California Inst of Tech. Guggenheim Jet Propulsion mixtures with radiat.ve energy transport are identified

Certer, Pasadena. for a number of special cases that are of practical

interest. The results are used to draw conclusions
MICHDWAVE PROBING OF IONIZED GAS FLOWS. by concerning the feasibility for scaling the radiative
R. G Jahn. Feb. 1962 [32]p. incl. diagre. refs. properties of reacting gas mixtures. It has been con-
(Technical note no. 5) (AFOSR-2334) (AF 49(638)758) cluded that significant model testing of the radiative
AD 272789 Unclassified properties of reacting gas flows is possi'le for those

cases in which radiant energy emission does not produce
AL,.o published In Phys. Fluids, v, 5: 678-686. June signiflc-nt perturbations in the flow field (e. g., trans-
BF2,• parent gases) provided we are satisfied In scaling the

radiative properties per wnilt area of reacting mixture.
The n easurement of free electron densities and collision

frequencies in ionized gas flows by a probing transverse
mi-rowave beam Is described. Interpretation of the ob- 235
served reflection and transmission coefficients and their
phases is developed on the basis of an idealized plane [Cadifornia Inst. of Tech. Guggenheim Jet Propulsion
wave-p.ýane slab model, for which typical results are CetLer, Pasadena]
displayed. Application of the device and technique to
the build-up of Ioni•ation behind a strong shock In argon RESEARCH ON ABSOLUTE INTENSITY MEASURE-
is rntlired. Effects of various departures of the micro- MENIS AND GAS EMISSIVITIES AT ELEVATED TEM-
wave radiation patterns and flow con.igurations from the PERATURES AND PRESSURES, by S. S. Pcnner.
slab assumptions are discussed and examples evaluated. Final rept. [19621 2p. (AFOSR-4403) (AF 49(638)984)
(Contractor's abstract) Unclassified
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Moat of the experimental and theoretical studies per- 239
formed under this contract have been described in con-
tract reports sad have been published, or will be pub-- California Inst. of Tech. Guggenheim Jet Propulsion
Itrsed, in the open literature. A list of 14 completed Center, Pasadena.
studies is given in addition to a brief notation concerning
work In progress. PROCEDURE FOR RELIABLE PREPARATION OF

SHOCK TUBE TEST GAS MIXTURES CONTAINING
WATER VAPOR, by R. Watson. 11962] [2]p. incl. diagr.

236 [AF 49(638)9841 Unclassified

California Inst. of Tech. [Guggenheim Jet Propulsion Published in Rev. Sclent.Instr., v. 33: 1113-1!14,
Center] Pas•dena. Oct. 1962.

APPROXIUMATE SPECTRAL ABSORPTION COEFFI- Shock tube spectroscopic measurements of the emission,
CIENT CALVLA7'TIOM FOR ELECTRONIC BAND SYS- absorption, and kinetics of H2 and OH are usually per-
TE BELWNGING 10 DIA'IOMIC MOLECULES, by formed with test gas mixtures of water vapor diluted in
R. W. Patch. W. L. Shackleford, and S. S. Penne-. argon in order to readily achieve high shocked gas tem-
[19611 [9]p. (AFOSR-4919) (AF 49(638)984) peratures. In addition to the uncertainties of the over-
AD 414925 Unclassified all concentration Introduced by the surface adsorption

of the water vapor, ,•rcentratlon gradients may be set
Also,-er, In Jour.-1 JuLy Spept. . andRadiativeup within the shock tube so that samp!es drawn from the

,July Sept. 1962. tube just before firing may not b# representative of

that in the region of observation. A successful pruce-For abstract see 'tern no. 169, Vol. V dure for overconr'ng these difficulties was arrived at

through use of a continuous flushilg operaiec.,, This
system used a . Vulaled argon flow, bubbled contlnu-

2 ously through a series of bulbs containing degasied
water. A flow i,,eter monitored approximate flow rates,

California :nst. of Tech. Guggenheim Jet Propulsion regulation being achieved by bellow -alves at the imdet
Center, Pasadena. of the system. A cold trap prevent-d the water vapor

EMPERATURE MEASUEMENTS ON THE OH2T - 2 1 from contaminatitg the vacuum pump oil. A small a,r
conditioning unit recirculating the air withtn an uns,.lated

BAND SYSTEM FOR A TRANSPARENT GAS IN A enclosure allowed controlled temperatures of ',-25 'C
SHOCK TUBE, by R. Watson. [1962] [3]p. incl. diagrs. to be maintained. Analyses made at both ends of the
(AFOSR-J96) (Sponsored jointly by [Air Force Office of shock tube, 10 min or more after tie flubbing was com-
Scientific Research under AF 49(638)94} and Office of pleted showed that adsorption equilibrIum was attained
Naval Research) AD 400061 Unclassified sir.cf Ene concentration was unitorm and remained con-

star! at the value calculated from the mixing supply
Also publishe in Jour. Quant. Spectrao. and Radiative conditions.

ra~er v. 2: 301-303, July, Sept. 1962.

Calculations were made of the ratio of intensities of 2 240
general fractions (such as are Intercept=ed by 2 slits)
o! t'e OH (0, 0)band as a function of gas temperature California Inst. of Tech. Guggenheim Jet Propulston
and positions of the fractions In the band. Application Center, Pasade"a.
of the fractional band intensity ratios to temperature
measurements of radiating transparent gases are SIMILAPITY PARAM11ETERS FOR RADIATIVE
discussed. ENERGY TRAINSFER IN ISOTHERMAL AND VON-

ISOTHERMAL GAS MIXTURES, by S. S. Penner. M.
Thomas. and G. Adomett. Dec. 1962. 45p. incl.

2, diagrs. (Technical rept. no. I) (AFAFOSR-63-71'
AD 407135 Unclassified

California InsL of Tech. [Guggenheim Jet Propulsion

Center] Pasadena. Presented in part at TABSTONE meeting, San Diego,

FURTHER SHOCK- TUBE STUDIES BY INFRARED Calif., Jan, 1963.

EMISSION OF THE DECOMPOSITION OF AMMONIA. by The similarity groups for multicomponent, reacting gas
T. A. Jacobs. [1962] [3*. incl. dlagrs. (AF 49(M)- mixtures with radiative energy transport are derived.
984) Unclassified The rejulting relations are used to consider the fea'ii-

billty of scaling for flow processes with radiative
Published In Joar. Phys., Chem., v. 67, 665-667, Mar. energy transport under highly simplified conditions.
1963. The scaling parameters are derived for radiant energy

emission from isobaric and isothermal gases for arbi-
For abstract see Item no. 108, Vol. V. trary opacities and various spectral line and molecular

band models. Scaling parameters for radiant energy
emission from isobaric but non-isothermal systerns are
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dis cussed for arbitrary opacities andA various spectral expa nslon of titanium bas been lnvostipated up to 650 *C.
ltiie and molecular band models under the restrictions Between room temperature wAd 400'C the expansion co-
imposed on the allowed temperature profiles for dis- efficients In directions perpendicular and parallel to the
persion and Doppler lines by the Eddlngton-Barbler c aims are 9. 41 x 10- 5 and 11.1 IS 10-' 61.C, reepec-
approximation. Finally, the radiative scaling properties tively. For a random polycrystp-lline sample. the mean
for representative temperature profiles are considere6 -6_
for both collision- broadened and Doppler- broadened expansion coefficient is 10.0 X 10 "C. (Contractor's
itne profiles on the bast& of eiiact numerical calculationsabtat
that were performed for a rotational spectral line be-
long',ng to a molec*-U r vibration- rotation band. (Contrac-
tor's abstract) 243

California In2!t. of Tech. IMechantical Engineering Lab.
241 2asadena.

California inst. of Tech. W. M. Keck Lab, of Engineering A VACUUM X- RAY DIF FIACTIOMETER FOR HIGH
Materials, Pasadena. TEMPERATURE STUDIES 5.NI AN INVESIIGA71ON

OF THE ALLOTROPIC T &NSFORtMATION OF 'JITANI-
THE INFLUENCE OF TEMPERATURE AND PRE- UM, by R. H. Wi~ens. Final technical rept. Dec.
FFRRED ORIENTA71ON ON HALL COEFFICIENT AND 1961, 1131p. inc). tius. diagre. tables, ~-efe. (AIVSR-
RESISTIVITY OF PURE; TITANIUM, by L. C. Roesch. 1839) (AF 18(600)1561) AD 270632 Unclassified
No%. 1962. lllp. Inc. illus. diagrs. tables. refs.
1AF0)11R-4001) (AF 49(630)1034)1 AD 2B9535 A vacuum high temperature x-ray diffractometer was

Unclassified constructed to study metals, sensitive to 0 and N con-
tamination, up to 1200 C. The factors whic) affect the

The Hall crefficlent Is found to depend strongly on temn- accuracy of 'he diffractometer method and tbe proper
perature and crystalline texture. At roam temperature choice of extrapolation functions are discussed. It 42

S 11 3 shown that this instrument can determine lattIce pa-
has a value of -1.8 x 0 m coulomb In two spect rameters with an accuracy of one part in :orty, thousand.

mens, where:as In the thi rd it equAls 1.2 x 10- 11n": - The thermal expansion of titanium was Investigated to
coulom~b. Several factors including impurities, changes 650IC a"i the c,.a parameter is fouw'd lo Indr~nse

tnhCe scattering mechanism, size effects, and cr-ystatlo- rapidly above 400'C. This v-ariation of c a lis corre-
prapnlc anisotropy, which could account for the observ-ed lated with other properties of TI to formulate a band
dlfftrences. are discussed and It is proposed that crys- model. On the basis of this model it is shown that the
tallographic orientation Is the most Influential factor, electrons can give an appreciable positive cointribution
:pro:- the measured data and a phenomenological theory to the free energy as the transformation tenipexature is
zaf the Hall effect developed in thze case of single crystais, approached and illsn proposed that this isa the main fac-
values of the components of the galvanomagnetic tensor, tar causing the instability of the low temperature mnodi-
-'ahich replaces the scalar Hall coefficient of isotropic ficatlor. off 11. (Contractor's abstract'
rnedia, are calcilated and discussed In connection with
a possible model of the Fermi surface of titanium.
Contractor's abstract) 244

Calif ronia Inst. of Tech. Palomar Obser-atory, Pasadena.
242

')MMENTS ON MASS-EJECTION MECHANISMS IN
Caltfornia Inst. of Tech. I'M. K. Kec.% Lab, of Engineering RED GALNIS, by R. Wevmiann. 11962]1 [h1p. Inc. refs.

~.taterlals! Pasadena. (AFOSR-2407) (In cooperation with Mount Wilson Ob-
servatory, Pasadena. Calif.) (AF 49(638)21)

VACUUM X- RAY DIFFRACW)METER FOR HIGH AD 295858 Unclassified
TEMPERATURE STUDIES OF METALS SENSITIVE 'TO
CONTAMINATION BY OXYGEN AND NITROGEN, by R. Also publihed in Astrophys. Jour.. v. 136: 476-486.
H. Willens. Il962j, [81p. inc. illus. diagrs. table, refs. Set
:AF -1638)10341 Unclassified

Consideration of the basic energy and momentum re-
P,.bllshed in Rev. Scient. Instr.. v. 3S- 1069-1076. quircments, together with the results of obscrvations
Oct. of tne circumatellar lines in Q Ori, seems to demand

an extensive hot region surrounding the star, If purely
Ar x- ray diffractometer operating In vacuum has been hydrodynamic processes are to expatin the mass ejec-
desigoel and constructed to study metals sensiftve to tion- The amount of Balmer emissions which might be
oxvien and nitrogen contamination at elevazed tempera- expected from such a hot region is discussed, as is the

tr.The l-strument operates in a %-acuum of 2 x 106 emiIsson in lbs ultraviolet linee of C IV at 1550A. At
mm. H~ in which the partial pressure of oxy~ea and nitro- temperatures in excess of 105 degees nearly all the
gen is several orders oll manaitude lower than the total power must be dissipated as radiation, since there is
pressure. The specimen is heated by radiation from a little residual thermal or kinetic energy In the matter
resistancf -type furnace ito 1200'C, With 'his Instru-graditnefomhesr.Trfroehste
mrent it is possible to obtain lattice parameters which groeat o distancsin fom theistar. Thlorses o an hasithde
are accurate to one part in forty thousand. The thermalprbmofdssigfraatnlsesfa antde
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greater than those considered here. Mechanisms in- A!so pblisbod in Aw rophys. Jour. , v. 136 406-421,
volving continuous absorption of radiation are also dis- .W 1962. -
cussed. No core of CH or CN ts visible, both well known
as Interstellar lines, and whether molecules of grains This study Inven t.•Ve tOw uxygeo weakness In peculiar
would form under the corditions In the envelope is not A stars, how it arrela-es with other spectral peculiar-
known. To insure sufficient coupling between grains tries, and whether it tI to be regarded as an abundance
and the gas, it ts necessary for the grains to be small effect. Equtvak,.it v.dthg of th, infrared oxygen blends
enough to scatter as Ii/X4 In the observable region of X% 7772-7775 and ',b4 a have been measured In _0 pecul-
the upectrum andttea ina tred. This would lead to tar A stars and 3 A- tpe twrmal stars. The nltghboring

the envelope being opaque In the far ultraviolet and pair of Me d1 ies o t % t 977 and g 7806 have aletqi ;n-

thern is no evidence of this. The energy density for 0. sensitive to temperature and electron aresnr, ,' in

C. Lilson's Lyman--, mechanism to operate is such that nortal ta behate alo identiay nte AnIn

b-aium should be completely doubly ionized, in contra- normal stars behave almost rdentically in the w aken

diction to the observations. If they are interpreted in B-Fa5. sThe oxygen lines are very much weaker ffc aeme

terms of a single shell of matter movin only Wuider peculiar strs than itn the standard stars; 1his -fect Is

grvtty, rather than as steady flow, the absence of any strongly correlated with the B - V colore, The Mg I

observable change t:- velocit ngth of the lines
would require the master to be at such a distance from A'rpreted as iydicating abundance vareauzpc amohn toe

the star that the envelope would be resolvable from the Ap stars. Oxygen is deficient with respect to hydrogen

star. No ejection mechanism so far proposed is entirely by factors ranging from 8 to more than 100 In all Ap

satisfactory, though the possibilities are far from ex- stars of the Si-Eu-Cr, Eu-Cr, Eu-Cr-Sr, and Sr
classes, while in the Mn stars the oxygen abundance is

hansted. (Contrntor's abstract, modified) normal. Assuming that they originated with a normal

composition, the observed spectra of the oxygen-de-
245 ficlent Ap stars demazd that, in general. 0 must have

been trapsmuted into one or more of the elements H,
California Inst. of Tech. Palomar Observatory, Pasadena. He, C, N, Ne, and perhaps F. Some possible nuclear

reactions (which must involve only H, He, and 016) that
PEVECAL CONF TOIONS IN by1E CeR anMSTELn6AR could be responsIble for the inferred oxygen deficiencyENVELOPE OF Q ORIONIS, by R1. Weymanm. [11962j are discussed. (Contractor'ýi abstract)
[221p. Wil. dlagrs. tables, refs. (AFOSR-2408)
(AF 49(638)21) AD 406807 Unclassified

bed In Astrophys. Jour., v. 136: 844-865, 247

California Inst. of Tech. Palomar Observatory, Pasadena.
A curve-of-growth analysts of the circumstellar lines in
orOrt based on high-dispersion spectrograms is used to RED GIANTS WITH EXTREME METAL DEFICIENCIES,
Infer the physical conditions In the circumstellar enve- by G. Wallerstein. J. L. Greenstein and others. [1962]
lope. The number of atoms in the line of sight Is of the [241p. lncL illus. diagrs. tables, refs. (APOSR-2475)

order of 102. cm 2 , while the ejection rate was estimated (AF 49(638)21) AD 406809 Unclassified

cc be 4 x 10-6 M 4 "yr. Hydrogen is probably neutral Also publIshed In Astrcphys. Jour.. v. 137' 280-300,
and wecend ionization of the metals probably unimpor- Ja 195J.
tant. The kinetic temperature is of the order of 100 'K.
Exrept for H and K. the radial velocities of all the neu- The 3 field stars, HD 122563, HD 165195, and
trx! and Ionized lines are identical. No detectable sys- HD 221170, similar to giants In metal-poor globular
tematic change in the velocity or strength of the cir- clusters, which have been studied, show decreases in
cumstellar has occurred over the last 20 yr. The the average metal,"hydrogen ratios by factors of 800,
evidence for an extensive chromospheric region sur- 500, and 500, respectively, compared with the sun.
rounding the star is discussed. A brief discussion of The abundance ratios of other elements to iron re-
a Hercults and a re-examination of the existence of a semble those in the sun, with important exceptions.
high degree of concentration of ma'ter In the envelope Manganese and vanadium are deficient with respect to
tio clumps indicate that such -oncetations may be iron, by a factor of 3. In HD 122563 all elements
"ýery slight, if they exist at alI. (C.ntractor's abstract) heavier than zinc are deficient compared with iron by a

factor of 50, vielding a total deficiency of about 50,000
for the heavy elements. It is assumed that the elements

-46 were synthesizrd_ from hydrogen early In the history of
our Galaxy. Tlhese stars were formed when the inter-

California Inst. of Tech. Palomar Obser-mtory, Pasadena. stellar medium va-,s almost entirely hydrogen, between
107 and 109 yr a'ter star formation began. Their

STUDIn OF '-PIE PECULIAR A STAIhS. I. THE metallic constituents were formed and ejected from
OXYGEN-ABUNDA-NCE A-2-,MALY, by W. L. W, massive, rapidly evolving stars of extremely low metal
Sarge.i and L. Searle '.19.2 [i41p. Inci. diagrb. content. Processing at high temperatures synthesized
tablv. refs. iAl"SR-2446, (In cooperation with the elements from sodium through nickel which are now
Mount 14.1-so• Ooervator- as . Calif. ) "AF 49- present In all 3 stars. The material that wert into
(M321i AD 295s59 UrIxa.ssifled HI) 122563 is drastically deficient in all elements
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produced by the addition of neutrons to the iron peak, to the values: T ef 4940'~K 1 150', log g -2.7 0,C) 2;
whereas, light elements prodrced by neutron addietCa
aluminum and scandlum-exist in normal amounts or and log A =log A e, 0. 2 (pro-bable errors). There Is

are alyc~lhtlydefciet. I ha ben inerpete toa good agreement between the spectroscopic gravity and
maronl t ihatl dhen cient. o t hase beeurns inerrete toiabe the value obtained from reasonable values oa the m~ss
mhea thatogeniator u of free neut&-rones eleament avilbere and the radius of the stair. The chemical "composition of
heprosent, r out te i ight BpPrcek elements wereraeoabnt the atmcsphere agrees viith the solar conpoiltion within
present, btnt teIrn pea ele6mentsav weren raroued oabsy the probable error, except perhaps for Na. No systems-
the eupropium, ia vry 122563 e ma raesut bee produ nce byic enrichment in heavy-element abundance can be dL-

of europiun in HD 165195, in at least the normal rAtio tce ewe h it ftesnadta f(Vrtii
to the other elements, ra4rea difficulties concerning about 109 yr ago. Higher accuracy to needed to reveal
r-proceibs nucleosynthesis, since type I supernovae of any difference atat might be less than a factor of 2.
small mn~ss may not have begun to appear at the early
epoch when the star was formed. (Contractor's
abs tract) 250

California Inat. of Tech. Palomar Observatory, Pasadena.

I . ~THE LUAGNOSITIES AND COMPSITION OF THLE
California WLa oi Tech. Palomar Observatory, Pasadena. HIGH GALACIIC- LA77TUDE SUPERGLANTS, 89

IfERCULIS AND HID 16!796, by L. Searle, W. L. W.
THE INFRA REDO01 AND MglI UXES IN THE SPECTRA Sargtnt, and J. Jugaku, f 1962) ] l2]p, tncl. ddagr.
OF THE METALIUC- LINE STARS, by W. L. W. tables, refs. (AR)SP-3017) (In cooperation with
Sargent and L. Searle. 1196211[41p. incl. diagr. table, Carzegie Inst. of Washtogton, D. C.) (AF 49(638)21)
refs, (AFOSR-247e) (AY 49(638)21) AD)295860 AD 406808 Unclassified

UnclssiiedAlso published lit AstrophMs Jour. , Y. 131: 268- 279,
Also published in Astruphys. Jour., Y. 136: 671-674, jn W
Sept. 196?t

A spectr-ophotometric analysis is made of the high-
A recent study of the 'infrared 01 and Mgfl lines in 20 galactic- latitude superglants HD 1#11796 (F3 tb) and
peculiar A-type stars (see item no. 246) has revealed 89 Herculis (F2 Ia), together with. the low-latitude
striking oxygen- abundance anomalies which are strongly standard star t Cansstopeita (0) 1,A). It isfound that
correlated with the type of spectral peculiarity. The all 3 stars have normal abundances of 'hi metals and
*Mn* stars have a normal oxyer bnace hl h rare earths relative to a Persci. Spectroscopic abso-
redder Ap stars (the Eu-Cr and the Sr stars) are oxygen- Ilute rmagnitudes are derived for the high- latitude super-
deficient by factors up to 100. The chief aim in this giants, using f Cas and a Per as calibration staxs. It
note is to point out that Am and Ap stars of similar is concluded thai both 89 Her and HD 161796 could have
coilors and absolute magnitudes behave very differently reached their present heights above the galactic plane
:.L tleir ifrared 0/Mg ratio. This lends support to the In times comparablle with their estimated times of evo-
,it-w that the anomalous weakness of the 01 lines in many lutirn from the main sequence If they were e.Velled
c:f thec Ap stars Is not a consequence of peculiar atmos- from the plane at the time of their formattion with ye-
;:i~hcz-k structures but is due to real 2bundance deficiencies loelties of the order of 100 kmn sec. The apectroscopic
it ,Jltwz stars. Moreove&, "iese results indicate that daeta are consistent with the suggestion made by
ifw-ro tis Jlite hcpeý of explainin* the spectral peculiarities Bonsack and Greenstein (1956) and by Herbig (195) that
In aoait .IAe Ami aizd Ap stars as being ubpects of the the high- galactic- latitude supergiants are evolved **run-
zaar.-. pthenomem'n. away- stars. (Contractor's abstract)

249 251

Califorr"TPa I. t f I-eil. aoruar Observatory, Pasadeia. California Inst. of Tech. Palomar Observatory, Pasadena.

A DETAILICI- ANAýLYSIS 'F THlE SPECTRUM OF AN ANALYSIS OF THE ABSOLUTE ENERGY DLSTRIBU-
EPSILON Vit'j7NIS. 13 G, Cayrel and R. Cavrel. TION ZN THE SPECTRUM OF SU I)RACONIS, by J. B.
11962; 1 Sop. in(!- iagrs4. t~iblces, refs. (AFOSR-2750) Oke. L. P. Giver, and L. Searle. fl962,'1151y. Inc).
(A r 49s(638) 21) AL -123778 7 Untlassified dlagrs. tables, refs. (AFOSR-Jl2i) CAY 49(638)21,

AD 40&448 UncLassifted
Also publise in Ast-ophy.,,. .ý j .37:, A31-469,

r e6_1T W9Also published tin Astrophys. Jour., v. 138- 393-407,

L,-nes in the spec'tral range A), 4W,(-$,'j0A have x-en
identuiled on tracings of the spoctrun. rf i Virgin!., Photortectric spectrumn scaas of the clu~ er-type vari-
'G6 1W. Three alates had a dispersion) of I A mmr and able S~U Dra have been obtained and used to determine
5 plaits a distierstor of 2.8 A mmn. 1The "*A%-~aler.t the absolute energy distribution In the spectrum at differ-
wiýdthb of 1400) lire$ have been measured. Aý detailed eat phases. By comparison with fluxes computed from
analy-sis o! the atmoýsphere has been ptý4orn;..d. kadzng model atmosphtres, the e'ffective temperature and

gravity have been derived at each phase. From the
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observations and motfzI atmospheres the reiative dis- rathpr than with that of a main seqm . star of equal
placement curve &'Rmx to determined. Slit spei-ra B--V. Within the limits H .ýHe > I 1000 at A C 0.4

with a dispersion of 18 A/mm have been outa.ned and and > I '20 at ee = 0. 3 the atmospheric abundance ratio
used to determine the radtal-velocity curve o& the H : He remains uncertain. Elements heavier than He
metal lines, Hy, HO, and H and K of Ca It. 1, is shown car. be ruled out as a main constituent. Radii and
that differential motion exists in the atmosjheres at all masses derived spectroscopically do not contradict
phases. Since the layer which roe is observing changes Ue a 2. Corresponding to the small scattering In g (or
durtw the cycle, because of changes in opact ty, the
velocity- curves rannot be interpreted literally, and M and R) white dwarfs form a narrow sequence in the
integration of the -elocity-curve does nct yield tue ab- tooi-eediagram and seem to occur mn a rmitled ranze
solute diplacement-curve, RP,,- I. Thereforf, the of completely degenerate configurations only. {Con~raa-

Wenseltak-Baade method gives i.,correct radii for RR tor's abstract)
Lyrse stars it is shown,, however, that between phases
0. 40 and 0.85 it ti possible to deterumine Rmax - R

from the radial-velocity curve. The ,-veloctty which 253
is needed to determine Rma, - R cannot be obtained

uambtguously, but a good estimate is possible. The (Calitornia Inst. e Tech. Palomar Observatory, Pasadena]

mean radius of SU Dra is found to be 3.60 x 106 kin, or ABUNDANCES IN G DWARFS. VI. A SURVEY OF
5.2 solar rAdtt. The uncertainty is approximately 207. FIELD STAFI" (Abstract), by G. W-llersteln. [1962]
The mean absolute vistal magnitude is /AS, with an un- [lp. [AF 49(t38)21] Unclassified
certainty of roughly 0. 4 if the absolutc calibration of a
Lyr is astumed correct. An alternAtive calibration of Pubhshed in Astrophys. Jour., v. 135: 310, Jan. 1962.
a Lyr yields an absolute visual magnitude which It
0. 25 mag brighter. The difference in absolute magnitude Data are presented for deriving the abundancei, of the
of cluster-type variables can be determined with an elements in 21 field stars of very nearly solar type.
accur.ry of 0.2. The relationship between the effective Iron-to-hydrogen ratios are obtained from curves of
temperature (actually 0.) and B - V for SU Dra is given growth for which the ionization temperatures are de-
along with tat same relationship for a hypothetical star termined by .onotsxering both the excitatio2 temperatures
niach has nc, -netallc lins,. and the effective temperatures. The effe.ctive tempera-

tures are derived both fo:om the B--V colors (corrected
for line blanketing) and the C- It colors of the 6-coinr

252 photometry system. The abundance ratios of 10 other
elemeas to Iron are then derived. This material is

California Inst. of Tech. Palomar Observatory, Pasadena. combined with results for 13 other G dwarfs already
published and is discussed from the point of view both

[EFFECTIVE TEMWERATURE AND SURFACE GRAVITY of the nuclear reactions r-sponsible for element building
OF WHITE DWARFSj Effekive Temperatur und and of problems of galactic structure and stellar popula-
Scbwerebeschleunigung der Wetisen Zwerge, by V. dions.
Weldemann. 11962i [101p. tucl. dLags, tables, refs.
(AFOSR-64-0282) (AF4T(638)21) AD 431493

ýmclusifled 254

opublished in Zeirtschr Astrophys., v. S7. 87- California inst. of Tech. [Palomar Obtueratory] Pasadena.

OPTIMUM USE OF INTEk3TELLAR REDDENING
Model atmospheres have been calculated in the white DATA 7Tr OBTAIN INTPRJSC STELLAR LUMINOSITIES
dwarf region (log gý 8). For stars of spectral type AND CO7_RS. oy R. L W•ilde). [1962] [5Jp. incl.
DA the variety of P-proftles as observed by Greenstein diagrs, tables, refs. (In xoop ratton with Mount Wilson
,n be explhined in terms of differe~ces in iffective Observatory. Pasa~iena. CfL-f.)i AF 49(638)2Jj
temperature and surface gra,"ty. The temperat"ure Unclasstlied
scale is fixed by T (40 E$tB) = 1300010K0~ =0. 39).

Sle, Pultshed in Astronon. Jour. 68. -:. 190-134, Apr.
The surface gravity dutermtned from the H -Drofiles

for 22 DA-stars is log g z 8.0 * 0.5, corresponding to
logR R. m-1.90 i0.15, tM'7 = 0.6±0.3 fnrtae = 2. Th data relating to the curvature aad spectral-type

The results are in accordanc -itht observed colors. depen'wnce of reddening trajectories 'n the color-color
This can be demonstrated in a discussior of the U - B. diagram a discussed. By evaluating integrals over
B - V-diagram. The white dwarfs form 2 sa.parnte wavelegib ci the product of UBV responze functions,
branches. spec'ral tvpes DC and DB are iocated almobt steliar •aergy d-stributions, and the interstellar redden-
ceactly o& týe black-body carve as given by ARP whereas Ing law for various cosmic-dust masses, 2 graphs have
a DA-sequence tievtates from It parallel to the main been presented with which reddening correctiolis for
sequence. The transition black-body to line-free star is stellar nmgnitudes and colors can be refined. One
considered and blanketing vectors are determined for graph stvws the intrinsic 2-color relation for class V
log g =8 an 4.4. The effective temperature of a white stars and their reddening trajectories. The otherý graph

dwarf with given B--V agrees with that of a black-body shows E(1_V). E(. V;), and A vs the mass (arbl'rary
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uwlta) per unit crods-sectional area of Interstellar 257

matter as 3 families of curves in the parameter (B-V)0 . California Inst. of Tech. Seismological Lab., Pasadena-

The method of their use is described.

RESEARCH IN SEISMOLOGY, l'y F. Press. Final
255 rept. Aug. 31, 1962, 3

5
p. (AFOSR-4148) (AF 49(M38)-

910) AD 287624 Unclassified
California Inst. of Tech. Palomar Observatory,. Pasadnora.

The research accompltshments of this contract are re-
R.DIO SOURCES CO)NTAINING PECULIAR ELLPTI- viewed under the folloving major cateories, instru-
CALS, by J. L. Greenstein. [1961] [61p. incl. Illus, mental seismology, numerical analysis *d data ban-
diagrs. table, refs. (In cooperation with Carneg

4
e Inst. duing, source mechanism determination, epicenter

uf Washington, D. C.) [AF 49(638)21] Unclassified determination, wave propagation, and diagnostic sids
for identifying earthquakes and explosions. Abstracts

Publishei. in Astrophys. Jour. , v. 135:, 679-683, May of 19 technical reports resulting from this research
1962. are included.

Rada: "elocitles have been obtained for the double
galaxies Identifiable with the radio soi-rces 3C442 and 258
for the faint galaxy prob-ibly ide•tiflab:? with He," A.
rhe latter Is a very distant system, with cd)•. X = California Inst. of Tech. Seismological Lab., Pasadena.

46000 km sec: its radio luminosity Is exceeded only by PROPAGATION OF ACOUSTIC-GRAVITY WAVES IN
Cyg A and 3C295. Its diamcter is outstandingly large, THE ATMOSPHERE, by F. Pres" and D. Harkrider.
353 kpc. Common peculiarities are weak to modprate
[0 11] emission In NGC 7237 (3C442) and in Her A. The [1962 3 [2

0
)p. AD0. dUagrs, refs. (AOSR-J253)

optical diameters are large, and the gradient of surface (AF 49(638)910) AD 400866 Unclassfied
brightness near the nucleus Is low. The double galaxies Alsonublished in Jour. Geophy,. Research, 1. 67:.
In 3C279 and 3C442 are remarkably similar, 9 Jour 1962.

2b6 Homogeneous wave guide theory ti used to derive dis-
persion curves, vertical pressure distributions, and

Californta Inst. :f Tech. Palomar Observatory, Pasadena. synthetic barograms for atmospheric waves. A complt-
cated mode structure Is found involving both gravity

RECENT WORK ON ABUNDANCES IN PECULIAR A and acoustic vaves. Various models of the atmosphere
STARS (Abstract), by W. L. W. Sargent, L. Searle, are studied to explore seasonal and geographic effects
and J. Jugaku. [19621 f 2p. (In cooperation with Mo, nt on pulse propagation. The influence of different zones
Wilson Observatory, Pasadena) (AF 49(638)21) in the atmosphere on the character of the barograms is

Unclassified studied. It is found that the first arriving waves are
controlled by the properties of the lower atmospheric

Presented at Victoria meeting of the Astronom. Soc. channel. Comparison of theoretical results and expert-
Pacific, June 21-22, 1962. mental data from large thermonuclear explosions to

made In the time and frequency domains, and the follow-
Published in Publ. Astronom. Soc. Pacific, v. 74. Ing conclusions are reachedi (1) the major features on
408-409',-Oc 1962. barograms are due to dispersion; (2) superposition of

several modes Is needed to explain observed features:
A preliminary account Is given of some results obtained (3) scatter of data outside the range permitted by ex-
from surveys of the abundances of certain elements in treme atmospheric models shows the influence of winds
Ap stars. Emphasis has been plAced upon the behavior fer A1 , and .4) wind effects and higher modes are less
of lines of the abundant light elements, H. He, C, N, 0. Important for A waves. A discussion is !ncluded on
Ne, Mg, and St. since these elements can 'vrxaergo 2
appreciable abundance changes only by means of a rela- atmospheric termtrations and how these affect disper

tively restricted number of nuclear reactions with one slon curves.

another. Also, in view of the possible abnormality in
the atmospheric structures of these stars, study has
been made of pairs of elements having lines that behave 259
in an almost identical manner with changes In pressure
and temperature. The work thus far has demonstrated California Inst. of Tech. Seismological Lab., Pasadena.
that there are appreciable abundance variations among
the Ap stars that are described very Inadequately by the A REINTERPRETATION OY PHASE VELOCITY DATA
present system of classification. BASED ON THE GNOME TRAVEL T[ME CURVES, by

S. W. Smith. [1962] )[5p. tuci. diagra. (AFOSR-J254)
(AF 49(638)910) AD 400865 Unclassified

Alsopbshed n Bull. Seismol. Sec. Amer., v, 52:
on -il0f105,f Dc. 1962,
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Significant lateril variations in upper mantle velocities tions its developed for the case tn which the wavelengths
across the western U. S. were observed in the GNOME associiated with the dilatational and rotational components
experiment. This makes necessary a reinterpretation of the disturbance are large compared with a. (Math.
of crustal thickness meesureme -is made with the as- Rev. abstract)
sumption that velocities In toe various layers of the
crust remain constant while their thickness changes.
Four examples of the work of Ewing and Press have been 262
reinterpreted. The crust is thinner (30 kni) in the Basin
and Range Province a2d thicker (55 km) under the Rocky California Inst. of Tech. Seismological .ab., Pasadena.
Mountains than indicated by previous Interpretations.
(Contractor's abstract) LONG-PERIOD LOVE WAVES IN A HETEROGENEOUS

SPHERICAL EARTH, by R. L. Kovaca and D. L.
Anderson. 119621 1131p. incl. dlagrs. tables, refs.

20 (Sponsored jointly by Air Force Office of Scientific Re-
search under AF 49(638)910 and National Aeronautics

California Inst. of Tec'., Seismological Lab.., Pasadena. and Space Administration) Unclassifled

THE CALTECH DIGITAL SEISMOGRAPH, by W. F. Publrshed in Jo;.r. Geophys. Research, v., 67: 5243-
Miller. 11962J 171r. incl. diagrs, refs. (AF 49(638)- "•-2,--e. lg6Z.
910) Unclassified

Periods of torsional eigenvlbrations have been computed
Published in Jour. Geophys. Research. v. 63: 841-847, for heterogeneous spheres corresponding to a variety
Feb. 1[,1953, of earth models, and the periods of oscillation are used

to calculate phase and group velocities for the funda-
A digital data logger has been constructed at the mental and first higher modes of Love waves. A cnm-
California inst. of Tech, for recording the signals from partson is made between velocities computed for differ-
long-perod Press- EwLng seismometers. Three- ent spherical models and for equivalent flat earth struc-
component data are continuously digitized at the rate of tures. The comparison shows (1) that the effect of
10 samples per sec with an 86-db dynamic ranger and sphericity is more complicated for fundamental mode
stored on magnetic tape. With a tape speed of 0.5 In. Love waves than for Rayleigh waves because of the
sec, data for a 24- hr period mny be recorded on one efficient channeling of waves by low-velocity layers and
10[-ir. reel. An editing system is then used to select (2) that the first higher Love mode Is more affected by
interesting events and convert them to a form compatible curvature than the fundamental mode. The varitation
with the IBM 7090 computer for further reduction and with depth of the relative amplitude of the displacements
analysis. (Contractor's abstractt indicates that the first higher Love mode for periods

less than 90 sec is very sensitive to upper-mantle struc-
ture in the vicinity of the low-velocity zone. Comparison

261 of the theoretical results with recent phase velocity
and torsional oscillation data shows that a Gutenberg

California Inst. of Tech. [Seismological Lab. j Pasadena. type of velocity structure is more satisfactory than
either the Lehmann or Jeffreys structures. The use of

THE DYNAMIC RESPONSE OF AN ELASTIC HALF- consistent densities with the Gutenberg model, rather
SPACE TO AN EXPLOSION IN A SPHERICAL CAVITY, than Bullen A densities, has a small but significant
by A. Ben-Menahem and A. Cisternas. [1962] [141p. effect on the calculated velocities. For periods greater
Incl. dlagr. table. (Contribution no. 1098) (AF 49- than 230 sec the calculated phase velocities for various
(638)910) Unclassified oceanic and continental atrnctures are all within 2%

of each other. The calculated group velocities are
Published in Jour. Math. and Phys., v. 42: 112-125, within 1 T of each other In the range 150 < T < 400 sec,
June 1963. thereby confirming experimental results. Dispersion

measurements must therefore be made with precision
A semi-infinite region of aomogeneous, isotropic if significant conclusions are to be inferred about de-
elastic material contains a single spherical cavity of tails of earth structure. (Contractor.'s abstract)
radius a with its center 0 at a dtstanc? h (- a) from the
epicenter E (the point of the plane surface oi the solid
nearest toO). A wave motion which is symmetr cal 263
about the axis CE ts excited by the application to the
surface of the cavity of a uniform impulsive pressure, California Inst. of Tech. Seismologi..al Lab.. Pasadeoa.
the plane surface of the solid being assumed to be trac-
tion-free. Expressions for the frequency spectra (i. e., STUDY OF THE EARTH'S CRUST IN SELECTED
the Fourier transforms with respect to time) of the REGIONS OF THE WORLD. Final rept. Sept 15. 1962M
radial and axial displacement components are derived, 63p. incl. diagrs. tbles. (AIOSR-4803) (In coopera-
together with subsidiary equatitns from which various tion with California U., Los Angeles) (AF 49(638)9121
coefficients appearing tn the spectra can be determined. AD 407054 Unclassified
The subsidiary equations are obtained in "best possible'
form by expressing the conditions at the free surface During the 2-yr period covered by this report, the
in terms of evaluations at the epicenter. In the final Alps, the Western Mediterranean and a portion of
section of the paper a method of successive approxima- Northeastern Callfornma were explored for the purpose
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of obtaining detailed phase velocity measurements and EARTH MODELS, by M. N. Toksoz and D. L.
for crustal study and Interpretation. In these regions, Anderson. Sept. 1962, Iv. Incl. diaLrq. table. (AFOBR-

a seismic network of 4 observatories was laid out in and 4748) (AF AFOSR-63-25) AD 408478 Unclasstfied
around the area to be measured. Each of these stations
%as equipped with identical instrumentation so as to re- Also published in Jour. Geophys. Rerearch, v. 68: 1121-
cord uniformly distant telesessms. As soon as sufficient '1X.--F-e•. •1ý1963.
events had bcen obtained to give an accurate determina-
tion of p"hase velocities at differing azimuths the network The theory of 2-dimensional seismic modeling is
was then moved to a new location where similar meas- generalized to Include the effect of anisotropy. The
urements could be made. At all stations, the seisma- elastic coefficient matrix for a plate with orthorbonbic
graph operated with a nominal 15 sec period and the symmetry is derived and is used to convert 3-dimen-
galvanometer withl a nominal 90 sec period. Recordings slonal anisotropic problems into corresponding 2-
were made in duplicate; the original went to the United dimensional model problems. This is equivalent to re-
States for analysis and one copy was retained by the placing directional body velocities by the directional
observatories. After the records had been examined plate velocities. In addition to the application to seismic
for suitable events, digitized, and processed by coin- modeling, this can be considered a contribuion to the
puter, phase spectra at individual stations were deter- basic theory of long waves in anisotropic plates. As
mined by harmonic analysis and the resultant phase such it has application to such problems as long waves
differences conibined with proper ir.strument and station in floating ice sheets. A model consisting of an aniso-
parameters to obtain phase velocities by the tripartite tropic layer over an anisotropic half-space is constructed
method, using a formica layer and a grooved aluminum plate.

It is shown that rolled metal sheets can be made appre-
ciably anisotropic by machining grooves in the surface.

264 The experimental Rayleigh wave phase velocities are
compared with the theoretical dispersion curves con-

California Inst. of Tech. Seismological Lab., Pasadena. puted using Isotropic and anisotropic theories. Two-
layer circular models of the earth, I with an tsot!Wop'.Z

PROCESSING OF SEISMIC DATA FRUM AN AUTYO- and the other with an anisotropic upper mantle, are
MATIC DIGITAL RECORDER, by R A. Phinney and S. fabricated, and a comparative study of body and surface
W. Smith. [1962] [221p. micl. diagrs. tables. (Contribu- waves is made. It is found that the relative effect of
tion wo. 1119) (AFOSR-4383) jAF AFOSR-63-25) anisotropy is greater on surface waves than on body
AD 294914 Unclassified waves.

Also_)lished in Bull. Setsmol. Soc. Amer., v. 53:
549-562, Apr. 1963. 266

Data from a high-speed digital seismograph is given California Inst. of Tech. Seismological Lab., Pasadena.
preliminary processirg by a special tape- to- tape up-
dating process which makes the information accessible PRECTISION DETERMINATION OF FOCAL DEPTHS
to computer users The routine nature of &.e data col- AND EPICENTERS OF LOCAL SHOCKS iN
lection effort makes It necessary for all data to be CALIFORNIA, by A. Cisteruas. 11962] 116kp. Icl.
labeled and enrered into a library of digital selsmograms, diagrs. tables, refs. (Coitribution no. 1142) (AFOSR-
Emphasis i6 placed on location, corrections. ano flagging 5360) (AF AFOSR-63-25) AD 400168 Unclassified
of errors which occur during the recrdtng and editing
processes. Library data Is st )red on I igh density binary Also published In Bull. Seismol. Soc. Amer.. v. 53:ý
tapes with 2 data points packed into each computer word. 1075-1083, Oct. 1963.
Access to this data is by an Interpretive loader which
locates desired files by a search code and skips or inputs A program for the locaton of hjpocenters of local
variable length blocks into memory. By allowing the shocks by means of an electronic digital computer is de-
loader to filter and decimate the data during input It is scribed. The P times are corrected for variations in
possible to bring many hr of low frequency data into a crustal structure to get precision in the determtnaticn
single memory domain with a minimum of waste effort,, of depth. An estimate of the accuracy of the method is
A collection of processing routines is being developed, given for some particular cases. Application of the
Th"se include: correction for seismograph response, program to the Kern County series of aftershocks, pre-
orbital motion fu.ctio, s. energy computations, band- rides a clearer picture of tetonic mechanism of the
pass filtering for mode separation. etc. These must be White Wolf fault. A future extension of the program to
-oupled with an adequate graphical display device such process ad correct data automatically is also de-
as r,,chanrcal x-y plotter or a computer-controlled scribed. (Contractor's abstract)
charactron tube.

261
265

California Inst. of Tech. Seismologic-Al Lab., Pasadena.
California Inst. of Tech. Seismological Lab.. Pasadena.

A STUDY OF DIAGNOSTIC TECHNIQUES FOR
GENERALIZED TWO-DIMENSIONAL MODEL IDENTIFYING EARTHQUAKES, by F. Press, G.
SEISMOLOGY WITH APPLICATION T0 ANISOTIR)PIC Devrart, and R. Gilman. [1962j [20p incl. dtagrs.
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tables, refs. (Contribution no. 1128) (AF AFOSR-63- 269
25) AD 406360 Unclassified

California Inst. of Tech. Seismological Lab., PasaderA.
Also oblisbed in Jour. Geophys. Research v 68:,

2 ,My-15, 1963. GENERATION OF SEISMIC WAVES BY UNDERGROUND
EXPLOSIONS AND THE COLLAPSE OF CAVITIES, by

Several diagnostic techniques are examined for identify- S. W. Smith. [1962] [7)p. incl diagrs refs. (AF
Ing eat thquakes as events distinct from possible under- AFOSR-63-26) Unclassified
ground nuclear explosions. It is found that the typical
or 'mean' earthqvake differs in a statisticall) significant Published in Jour. Geophys. Research, v. 68: 147?-
way from tho *rresn' explosion for most of the techniques. 14, _.Mar, I, 1963.
Due ;o the variability of eArthquake signatures, many
earthquake parameters fall within the range obberved The occurrence of large collapse features associated
for explosions. Preliminary studies of several diagnos- W.th contained underground nuclear tests Ii Alluvial
tic methods are presented. The purpose is to make a material provides an unusual oppveiunity !o study the
preliminary study of these techniques subject to the effect of source geometry and time history. T71 ex-
obvious limitatiens of small samples and restricted geo- plosion is represented by a pressure pulse appll-- to
graphic distribution of sources and detectors. Although a buried spherical cavity, and a collapse by a point force
nost of the techniques discussed are pertinent to a no. mal to the surface. If the time duration for these
monitoring system with stations on the same continental sources is 0. 16 see and 4 sec, respectively, the result-
mass as the seismic source, discovery of dihfferences Ing spectral ratio fur Rayleigh waves Is consistent
between earthquake and expl¢-slon signatures for th! wi.th the experimental data in the frequency range 0.5
case encourages one to search for other dilfference* to 3.0 cps. The spectral ratios for SH and SV waves
applicable when the sources and stations are more indicate that the SH waves are not generated by near-
widely separated. (Contractor's abstrict) scurce phenomena such as movement along joints, but

by elastic wave conversion within a few wavelengtns
of the source.

266

California Inst. of Tech. Seismological Lab., Pasadena. 270

SURFACE WAVES ON A SPHEIUCAL EARTH- I. California U., Berkeley.
"UPPER MANTLE STRUCTURE FROM LOVE WAVES,
by D. L. Anderson and M. N. Toksoz. [1962] [181p_ PROCEEDINGS OF THE FOURTH U.S. NATIONAL
imL. diagrs. tables, refs. (Contribution no. 11441 ODNGRESS OF APPLIED MECHANICS, VOLUMES I

(AFAFOSR-63-25) AD 299060 Unclassified AND 2, CALIFORNIA U., BERKELEY, June 18-21,
1962, ed. by R. M. Rosenberg, M. V. Barton and others.

Also PUblished tn Jour. Geophys. Research, v. 68: New York, American Society of Mechanical Engineers,
3483-3500, June 1, 1963. 1962, 2v. Incl. illus. diagrs. tables, refs. (Sponsored

jointly by Air Force Office of Scientific Research under
The problem of free oscilations of a heterogeneous [AF AFOSR-63-10], Army Research Office (Durham),
sphere is reformulated in terms of dispersion over a National Committee on Theoretical and Applied Me-
plane hall-space composed of anisolropie layers having chanics, Office of Naval Research and others)
a sqperposed velocity gradient. This transforms the Unclassified
standing wave discrete spectrum to a traveling-wave
continuous spectrum_ and considerably simplifes the The proceedings comprise 4 invited general lectures
Analysis of surface waves on a sphere. Minor modiflca- and complete texts of 153 teconical papers presented
dions make it possible to use any Love wave computer at the congress. The latter are grouped by subject
program to -ompate dispersion on a sphere. Results matter Into 4 broad categories: (I) dynamics. vibra-
of the method % re compared "Ath those obtained from tions, and elastic waves; (2) elasticity and elastic
numerical Integration of the exact equations of motion, structures; (3) plasticity, viscoelastic flow, and frac-
Agreement Is genezally better tha 0.06%. Dispersion ture; and (4) fluid flow, aerodynamics, and heat trans-
for the fundamental and first 7 to 8 higher Love nioies fer. Within each catcgory the papers are atranged
is presented for a continental and an oceanic pain. The alphabetically by author. The affiliation and postal
oscillatory nature of the group velocity curves becomes address of each author is given.
more pronounced when a velocity reversal takes place.
Calculations of higher-mode group velocity structure arnd
displacement Illustr-ate the mechanism of propagation 271
of the S wave. By successive modifications of a previ-S~California U. [Center for Human Learning] Berkeley.
ously developed mantle structure, a new suboceanic m
model is determined which satisfies Love wave and FIRST CALIFORNIA CONFERENCE ON VERBAL
torsiunal oscillation dats- LEARNING AND VERBAL BEHAVIOR, by B. J.

Underwood and L. Postman. 119621 [91p. (AFOSR-
J168) [AF AF0SR-62-3891 Unclassified
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Alsopubltshed in Jour. Verbal Learning ond Verbal 275
Bhavior-T' . 1-. 312-320, Jan. 1963.

California U. Dept. of Chemistry, Berkeley.
For abstract see item no. 272, Vol. VI.

PARTIAL RATE FACTORS FOR NITRATION OF
FLUORANTHENE, by A. Streitwieser, Jr. and IL C.

272 Fahey. 119621 N4p. tncl. diagr. tables, refs. (APOSR-
65-0215) (AF 49(638)l05) AD 611340 Unclasstlled

California U. jCenter for Human Learning] Berkeley.

Also published In Jour. Org. Chem., v. 27: 2352-2355,
FIRST CALIFORNIA 00 4FERENCE ON VERBAL T-yi•i1"T.
LEARNING AND VERBAL BEHAVIOR, by B. J.
Underwoad and L. Postman. 119621 [19p. (AFOSR-66- Nitration of fluoranthene gave the following partil rate
2017) [AF AFOSR-62-3891 AD 643048 Unclassified factors rel-tive to a 1-naphthalene position: In acetic

anhydrideaZCC: 1,0.7; 3,2.9; 7,1.2; 8,1.8; in acetic
Also published in Jour. Verbal Learning and Verbal acid at 50 C: 1, 0.3; 3,8.1; 7.0,6; 8, 2.7. The 7-mono-
Be ir --.- F•, -12-320, Jan. 1963. nitro Isomer was obtained for the first time.

This is a summary report of papers presented by the 9
participants at .he research conference on verbal learn- 276
ing "nd verbal beh,.1lor held from June 12 to June 17,
1962 at the California U. Conference Center at Lake California U. Dept. of Chemistry, Berkeley.
Arrowhead. The papers describe the current status of
researcL of the participants on various human learning REACTION OF OXYGEN ATOMS WITH ACETYLENE
problems. TO FORM KETENE, by I. Hailler and G. C. Pimentel.

[1962] iOp. incl. diagrs, tables, refs. (AFOSR-2811)
(Sponsored .nintly by Air Force Office of Scientifle

273 Research under AF 49(638)944 and Amertcan
Petroleum Inst.) AD 276563 Unclassified

California U. Dept. of Chemistry, Berkeley.
Also published in Jour. Amer, Chem. Soc., v. 84:

THE PROLUSE AND PROBLEMS OF THE MATRIX 2835-2857, Aug. 5, 1962.
ISOLATION METIH)D FOR SPECTROSCOPIC STUDIES,
by G. C. Pimentel. [1958] [31p. (AFOSR-4308) Nitrous oxide. N 0, was photolyzed at 20'K in solid
(AF 4N(638)1) Unclassified 20

argon containing acetylene, C2 H2 , or a mixture of

Also published in Spectrochim. Acta, -. 12: 94-96, C2 D2 and C2 HD. The photolysis source was a xenon
Mar.-A 1958. resonance lamp emitting matly at 1470A. This radia-

tion prodeces ground state oxygen atoms. Infrared
For abstract se.e tem no. CAL.07:008, Vol. spectra showed that reaction 3ccurred with C2 H2 to

produce absorption at 2143 cm-1 and with the deulerated

274 acetylenes to produce absorptions at 2142 and 2117

cm-I The absorptions are assigned to ketene, thus
California U. Dept. of Chemisery, Berkeley. showing that ground state oxygen atoms can react with

acetylene to produce ketene. The activation energy for
APPLICATION OF THE MOLECULAR ORBITAL this reaction Is below 8.1 kcal/mol. (Contractor's
a-TECHNIQUE 70 AIVOMATIC SUBSTITUTION, by abstract)
A, Streitwtieser, Jr., J. I. Brauman. and J. B. Bush.
11962] [131p. incl. d-tgrs. tables, refs. (AFOSR-65-
0213) (A: 49(638)105) AD 611290 Unclassified 277

Also .M shed in Tetrahedron. v. 19, suppl. 2: 379- California U. Dept. of Chemstry, Berkeley,
391, 16.

INFRARED SPECTROSCOPIC STUDY OF THE PJOOL.-
The w'- technique of the simple molecular orbital method t OF HN3 IN SOLID C0 2 , by D. EL Milligan, M. K
is founi to provide a reasonably good correlation with.
the available experimental data on partial rate factor-. Jacox and others. June 1962 1241p. incl. diagro. tables,

of nitration of alternant and non-alternant polycyclHP refs. (AFOSR-2987) (In cooperation with Mellon InSt.,

aromatic hydrocarbons. (Contractor's abstract) Pittsburgh, Pa.) (AF 49(638)542 and AF 49(638)944)
AD 282779 Unclassified

Infrared studies were carried out on the photolysts of
HN 3 and DN3 In CO 2 matrices at 20 and 531K. HNO
and DNO were identified a prodont of the reaction of

NH and ND with CO 2. The presence of HNO was con-

firmed by the detection of absorption at 7600, 7100.
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and 6850A in the visible spectral region. Evidence has 2130
also been obtained for the production of a 1:1 compound
between NE (ND) and CO2' Se,'eral pssible structures California U. Dept. of Chemistry, Berkeley.

for this species are discussed. (Contractor's abstract) INFRARED SPECTRUM AND VIBRATIONAL POTEN-
2IAL FUNCTION OF KETENE AND THE DEUTERATED

276 KETENES, by C. B. Moore and G. C. Pimevitel.

11962J [
1

4jp. (AFOSR-64-0685) (Sponsored jointly by
California U. Dept. of Chemistry, Berkeley. Air Force Office of Scientific Research under AF 49-

(638)944, National Science Foundation, and Petroleum
THE INFRARED SPECTRUM OF ICE: TEMPERATURE Research Fund) AD 436496 Unclassifted
DEPENDENCE OF THE HYDIADGEN BOND POTENTIAL
FUNCTION, by R. Zimmermann and G. C. Pimentel. Alsojlshed in Jour. Chem. Phys., v. 311: 2816-
July 1962, 26p. Ie.L diagrs. tables, refs. (APO8R- ' , JuiI-MT963.
3670) (AF 49(638)944) AD 284401 Unclassified

Infrared spectra of solid ketene and ketene In argon
The infrared spectrum of tee was studied in the spectral revealed a new fundamental at lower frequency (CH2 CO,

region from 2500 to 200.:cn
4
I and over the temperature 438 :m-re; CD CO, 371 cmra-; CHDCO, 398 cm"

1
) than

-I any previously reported. These spectra avd additional
range -180 to -20CC. Absorption near 220. cm was de- gas-phase spectra provide a basis for a rvassignment
tected. lofrared spectra of H20-D20 ice mtxtu.-es show of the vibrational spectrum. The vibrational potential

that crystal splittings are not responsible for the . function, centrifugal ditortlon constants, coriolis
served freq-ency of the bending mode of H 0 in Ice. Two coupling constants, and thermodynamic properties of

t ketene have beev c .culated. The out-of-plane hydrogen
temper-iure effects are noted, one an irreversible bending force constant Is found to be surprisingly low,
change eiently caused by annealing. In addition the about one-third of that for ethylene. In addition, the
abs'-rptions near 1600, 800, and 22D, cm- of annealed analysis of the rotational structure of several perpen-
ice shift with temperature reversibly. A simtr', normal dicular bands yields Improved estimates of the A mo-
co-ordinate analysis provides estimates of the pot-ntial ment of inertia and hence of the BCH angle (122.3 1) and
function for stretching and bending the hydrogen bonds, the C,-H bond length (1.079A) of ketene. (Cont-'•.or's

about 0.16 x 10 and 0.09 x I05 dynes, cm respectively, abstract)

279 281

California U. Dept. of Chemistry, Berkeley. California U. Dept. of Chemistry, Berkeley.

ISDMEIUZATION OF NITROUS ACID: AN INFRARED INFRARED SPECTRAL PERTURBATIONS IN MATMX
PHOTOCHEMICAL REACTION, by R. T. Hall and G. EXPERMENTS, by G. C. P'mente!. [19621 [21p.
G. Pimentel. 11962] 191p. incl. diagrs. tables, refs. [AF 49(638)944] Unclassified
(AtoSR-64-0575) (AF 49(638)944) AD 434306

Unclassified Published in Proc. Internat'l. Symposinm on Molecular
An8icture and Spectroscopy, Tokyo (Japan) (Sept. 10-

AL* publised in Jour. Chem- Phys., v. 38: .889- 14, 1962), Japan, Science Council, Dec. 1962,
1897, Apr. IS. 1963. p. B 408-1 - B 408-2.

Nitrous ansi duteroe.1trous acid suspended in nitroge, Some types of matrix s'udti s are impeded by lack of
matrices at 20'K tomerize when Illuminated w.&. understanding of the effect of the matrix upon the irfra-
infrared 1iAht. Kinetic studies Indicate that both the cis red spectram. In the present paper 2 nunbir e. studies
to trans and tie trans to cis isomerlziions occur, ~ are considered in which the spectra of stable molecules
Filter studies smw that a narrow range of frequecies in simple matrices are Investigated. Metrix-Induced

is responsible, 3650-3V0O cm-
1 

'or H014D and 4100- frequency shifts and multiplet splittings are also con-

3500 cm- for DONO. An isomerization mechanism is isidered.
proposed that involves a highly efficient Intramolecular
transfer of energy between vibrational modes. The
height of the potential barrier to isomertzation Is 282

estimated to be 9.7 * 0.7 kcal'mol In the matrix and
8.7 * 1 kcalmol for gaseous BOND. Comparison to Callornia V. Dept. of Chemistry, Berkeley.
methyl nitrite suggests that the bondings in these 2
molecules are quite similar and that the reported struc- ACIDITY OF HYDROCARBONS. VI. MEIALAT[ON OF
ture of methyl nitrite is incorrect. NORBORNADIENE WITH BUTYLLITHIUM, by A.

Strettwieser, Jr. and R. A. Caldwell. [1962, [21p.
(AFOSR-65-0221) (AF AFOSR-62-175) AD 611600

Unclassified

ApulishIn Jour. Org. Chem., v. 27: 3360-
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Experiments were performed in order to obtain evidence 285
relating to the relative acidities of the various hydrogens
in norbornadiene. Of particular interest is the relative California U. Dept. of Chemistry, Berkeley.
mobllliy of the 7-hydrogens (bridge). Norbornadlene
was a' loved to react with excess butyllithium in reflux- ACIDITY OF HYDROCARBONS. X. EXCHANGE
Ing ethe-heptane. After qjuenching with deuterium oxide, RATES OF HING-SUBSTITUTED mOLUENE-a-t's WITH
the recovered norbornadlene was studied by infrared LITHIUM CYCWOHEXYLAMIDE IN CYCWHBEXYIA-
and rnnlr. The results demonstrate no significant ex- MINE, by A. Streitwieser, Jr. and H. F. Koch.
change of bridge hydrogens but do show almost complete 119621 f6jp. inc. diagrs. tables, rlef. (AFOSR-65-
metalbition of a vinyl position. The availability of nor- 0224) (AF AFOSR-62-175) AD 611602
bornadiene makes this procedilre acceptable as a prepa- Unclassified
ration of norbornadiene-2-d. In this type of metallAtion
exchajige reartlon, the vinyl hydro-gens of norbornene Presented at meeting of the Org. Chem. Div. of the
are clearly much less acidic than those o! norbornadlene. Amer. Chem. Soc., Atlantic City, N. J., Sept. 9-14,
One pi..ssible explaration is that each double bond in 1962.
norbornadlene exerts an Important Inductive effect to
enhance the acidity of the other, Abstract gublished tIn 142nd m*peting of the Amer, Chem.

Soc. Abstracts of Papers, 1962, p. 2-Q.

2-33 Also published In Jour. Amer. Chem. Soc., v. 86:
IN:- ýeb.,' 1964.

California U. Dept. of Chemistry, Berkeley.
Relative exchange rates at 50W toward lithium cyclo-

ACIDITY OF A`YD1R)CARBONS. VII. RATES OF EX- hexylamilde of substituted o-tritiotoluenes and some
CHLANGE 0!V'POLYCYCUC METiIYLAREIJE-a -d's a -deutez-iotoluenes are: H, 1. 00; o- CH3 , 0.60, um-CH 3 ,
WITH LITHIUM CYCWH)EXYAI"DE, by A.
Streitwieser, Jr. and W. C. Langworthy. (19621151p, 0. 60; p-CH3 , 0.31; o'-CH(CH3 )2 , 0.41: m-CH(CH3 )2 ,
Inc. dlagrs. tables, refs. (AFOSR-65-0222) (AF 49- 0. 61; p- CH(CH3 )2 , 0. 29; 0- F, 12; in-F, 22; P- F, 0. 73;*
(638)105 and AF AFOSR-62-175) AD 611343 in-CF 3 ' 60; p-CF3 , -180: m-OCN3 , 2. 1; p-OCH3 ,

AUnclassified 0. 09-, These values fit a Hammett up correlation

Also published in Jour. Amer. Chem. Soc., v. 85:. with p 4. 0, a value higher than that for phenol or
17 l~~i20, 1963. anifflnium dissociations. The extension to polycyclic

systems Is discussed. (Contractor's abstract)

Rates of exchange are reported for various deuterie-
methyl derivatives of naphthalene, phenanthrene, anthra-
cene, pyrene and fluoranthene with lithium cyclohexyla. 236
mide in cvclohexylaniine at 49.9'. The relative rates
arc discussed with reference to the stabilities of corre- California U, Dept. :)f Chemistry, Berkeley.
sponding arylmethli~l anions and are compared with those
ýof related cartionlum ion reactions. A MOLECULAR ORBITAL STUDY OF THE POIAHIO}

GRAPHIC REDUCTION IN DIMETHYLPI)RMAMIDE OF
UNSUBSTITUTED AND METHYL-SUBSTITUTED A?4O-

284 MATIC HIYDRO)CARBONS, by A. Streitwieser, Jr. ani
1. Schwager. 1 1962J15[1p. diagrs. tables, refs.

California U. Dept. of Chemistry, Berkeley. (AFOSR..65-0226) (AF AFOSR-62-175) AD 61164
Uncl~assified

ACfDITY OF HYDII2CARBIONS. VMI. AN HMO EXAM-
INATION 0OF EXCHANGE RATES OF METHYI.ARENE- Also published in Jour. Phys. Chem., v. 66: 2316-
,T- d's WITH IJTHIUM CYCWOHEXYLAM!DE, by A. ~ j~1~
Sitreitwiesier. Jr., W, C. Langworthy, and J. 1,
Brauman. 11962][3)p. incl. diagr. table, refs. The half-wave potentials of a number of a'einmatic
(AFOSR-65-0223) (AF 4.Q(638)105 and AF AFOSR-62- compounds have been determined and are feamd to fit
175) AD 611455 Unclasbified the same type of correlation with the energies of the

lowestv-acant molecular orbitals In the HMO approxcina-
Also published in Jour.. Amer. Chem. Soc., v. 85: 1761- tion established in other solvents. The deviati-ni cf bi-

ffY6T Jýii-eii2oT963. phenylene from this correiation can- be accounted fer in
terms of -long bonds-' but this expl&sation falls when

The HMO~ (Huckel Molecular Orbital) method is shown applied to 2,3-t-enzobiphenylene. Asulene and aceplei-
to provide a fair correlation of the experimental results adylene do not obey the simple theory. The effect of
reported in the preceding paper, Appllcatior of MO methyl substituents is accounted for successfully in
theory suggeots that the McEwen scale of hydrocarbon terms of a combination of conjugative (hyperconjugation)
acidities is seriously compressed and new values are and Inductive influences. (Contractor's abstract)
tentatively assigned.
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California U. Dept. of Chemistry, Berkeley. [California U. Dept. of Mathematics, Berkeley]

MATRIX TECHNIQUE AND ITS APPLUCA71ON Nl THE AXIOMS FOR THE GENERALIZED PONTRYAGiN
FIELD OF CHEMICAL PHYSICS, by G, C. Pimentel. COEOMOI)GY OPERATIONS, by W, Browd.r and E,i1962] [101p. ncl. diagre. tables, refs, (AFOSR-J665) Thomas. [19611 [61p. (Sponsored jointly by Air Force
AF AFOSR-63-3321 AD 415403 Unclassified Office of Scientific Research under [AF 49(638)79]

and National Science Foundation) Unclas'sifled
Also published in Pure and Appl. Chem.. v. 4: 61-70,

Tw Published in Quart. Jour. Math. (Oxford). v. 13: 55-
W,7 Mar. 162.

Current applications of the matrix isolation technique
to stuiLes of infrared spectroscopy are reviewed. This It is shown that the generalized Pontryagin operation
method involves the spectroscopic detection of a molecu- Zn r-1
lar species dispersed in a spectroscopically distinct C: H-(X; Zpr) - H -(X; Z
host matrix, either a crystal or a glass. The purposes P

are to obtain a particular sat of controlled environ- is characterized by its known properties; these include
mental conditions and,/or accumulatioL of a suitable behavior with respect to coefficient homomorphisms,
amount of an otherwise inaccessible species. The behavior under suspension, and a formula giving
matrix materials are of 3 classes: ionic cyrstals, inert C(u1 + u2) - C(u,) - C(u2 ). The proof proceeds via
gas crystals, and molecular solids. Preparation of Eilenberg-Mac Lane spaces and their cohomology
matrix samples and illustrative exmples of their appli- g roups Lane spacts antei c themolycatins re iven A istof 2 reereces s icluedgroups H*(' n; G), but it is so arranged that the only
cations are given. A list of 2D references is Included. facts which need to be quoted are those for G = Zp

and G - Z 2. The corresponding results for t* = 2 ar;e

28stated.

California U. [Dept. of Mathematics] Berkeley.,

ON THE COHOMOLOGY GROUPS OF THE CLASSIFY- 290
ING SPACE FOR THE STABLE SPINOR GROUPS, by
E. Thomas. [1962] [l31p. (AJOSR-3348) [AF 49- California U. [Dept. of Mathematics] Berkeley.
(638179] Unclassified

THE DEFINITION OF FIELD OF DEFINITION, by
Alsop.ublished in Bol. Soc. Mat. Mex., v. 7: 57-69, M. Rosenlicht. [1962] [8]p. (AFOSR-J127) [AF 49-
193 (638)6131 AD 400449 Unclassified

Let Spin = lim Spin (n) be the infinite spinor group, Also pubhlshed In BoL Soc. Mat. Mex., v- 7:39-46,
B its classityiir space. The author determines the 1962.

spin
mod 2 and Integra) cohomology of B . Let: Discussing abstract algebraic varieties and their fields

Bspin - Bso be the natural map induced by thi coverings of definition, Well restricted his attention to those
which are Irreducible. The author, still using Well's

Spin (n) - S0(n), and let Wi C HI (BSOl Z21, Pic language and methods, extends the definition of the con-
H

4
i (B ; Z) be the Stiefel-Whitney and PontrJagin cept of "rationality over a field k" to (possibly) reducible

so algebrmic sets. As an application, he considers the
clkises. Theu the results are the following- case of algebraic groups and shows that his concept of
(1) HO(B -, Z2 ) is a polynomWal algebra on generators rationality is compatible with forming quotient groups

v*W,(t j 2r + 1); (2) H*(Bspin; Z) is the direct sum of and certain quotient spaces, Although the author
avowedly avoids from the outset "the vast generality of

"a polynomial algebra on generators w*Pt (i 4 Zr) and Grothendieck's system", the reviewer believes that his

"a torsion group T; moreover, 2T = 0. The proof of (1) definitions are most easily exprersed in that system.

follows fairly easily from the fibrtlon B - By an "algebraic set V over k", the author means a re-
Z2  Bspin duced noetherlan scheme over k, locally embed4able In

880 and standard consideration of Steenrod squares. affine n-space over k. For V to be "rational over k"

The proof of (2) to considerably more complicated and means to be geometrically reduced--tht is, V remains
involves, among other things, the Pontrjagin square. reduced after any base-field extension.

(Math Rev, abstract)

231

California U. Dept. of Mathematics, Berkeley.

DEVEFOENCE OF APPI)XIMAIING POLYNOMIALS.
by P. C. Curtis, Jr. [19621] [5]p. (AF 49(638)859)

>' -..,as6fled
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Published in Proc. Amer. Math. Soc., v.Y 14: 713-717, 294

Caltfornia U. [Dept. of Mathematics' Berkeley.
Let f be a continuous function on the cl:cle and let I1

n HOMOTOPY-ABEIUAN 70POIODCAL GROUPS, by
be a set of mn0 mn L- 2n 1 1) points equally spaced on tre 1. James and E. Thomas. 119621 [4]p. (AFOSR-J444)
circle. Let pnY, x) be the trigonometric polynomial of [AF AFOSR-62-291] Uncla*ill'cd
order n which approximates f best on F in the sense of Alsoublished in Topology, v. 1: 237-240, 1962.

least squares. For each I let Pn be the operator de- The authors say that a topological group G Is homotpy-
fined by (P O(x p p(f, x). The author investigates when alman if the commutator map of G x G into Gin nul-

this sequence fails to converge at individual points. His homotopic. In this note their techniques are combined
main results are that for each choice of sets F the set with a result of Browder (Ann. Math., v. 76: 9-17,
of points of divergence on the circle is the complement 1962) to prove the following. Let G be a countable con-
of a set of the first category. Ate c li the cmrp mn nt nected CW- complex with finitely generated singular

homology. If G is a homotopy-abeltan topological growi,
"v. ý then every point is a point of divergence. An then G has the homotopy type of a torus. In particular,
example is given to show that some growth condition on If G Is simply connected, as well as homotopy-abeltan.

in ns necessary to insure divergence at every point, then G is contractible. (Math. Rev. abstract)
iMath. Rev. abstract)

295
292

California U. [Dept. of Mathematics] Berkeley.
Calfornia U. [Dept. of Mathematics] Berkeley.

ON THE MOD 2 COIOMOLOGY OF CERTAIN H-
NON-ATOMIC MEASURES ON COMPACT HAVSDORFF SPACES, by E. Thomas. [1962] [9kp. (AFUSR-J445)
SPACES, by M. Hasumi and G. L. Seever. 1962, 9p. (Sponsored jointly by Air Force Office of Scientific Re-
tAFOSR-899) (AFAFA)SR-62-140) AD 414047 search under AF AFOSR-62-291 and John Simon

Vnclass-ficoe Guggenheim Foundation) AD 407114 Unclassified

Rudin has proved that a compact Hausdorff space wtthout Also published in Comment. Math. Hely., v. 37:. 132-
perfect subsets Is also without non- zero, non-atomic, 140, 1962.
re-.Liar Borel measures. Theorems I and 2 of this re-
port state the equivalence of these conditions show further Let X be an H-space whose integral (singular) cohomol-
relationship between perfect subsets and non-atomic ogy groups are all finitely generated, and -whose mod 2
measures, DixmIer has shown the existence of an infl- cohomology is a primitively generated Hopf algebra of
nite Stonian space without normal measures 'regular finite dimension. The author shows that in this case,
Borel measures w'hich v-anish on miager Borel sets), the least positive integer t, such that 11 (X, Z ) of 0
The question arises as to whether an infinite Stonian must be 1. 3, 7, or 15, or else X is acyclic. VFurther-
space has non-zero, non-atomic regular Borel measures, more, If X has no 2- torsion, then the value 15 cannot
The answer to this is shown in the present note to be occur. The technique involved is an emaination
affirmative and It is further shown that the dual of a of the behavior of the Steenrod squares in the X-projec-
Banach space with the extension property has the liftl-.g tive plane P 2X, using the Adams secondary cobomology
property if it is finite-dimensional. operaticns decomposing Sq2k, and the fact that the

cohomology of P 2X is the direct sum of a truncated

2)3 polynomial algebra of height 3, and an ideaL (Math.
Rev. abstract)

'a1aft rnia U. [Dept. of Mathematics, Berkeley.

HOMON.ORP.ISMS OF N)N- COMMUTATIVE *-ALGE- 296
BRAS, by S. B. Cleveland. i1962 1131p. Incl. refs.
(AFOSR-64-1618) (AFAFOSR-62-140) AD 446885 [California U. Dept. of Mathematics, Berkeley]

Unclassified
NILPOTENT LINEAR ALGEBRAIC GROUPS, by M_

Also published in Pacific Jour, Math., v. 13: 1097- Rosenlicht. [19621 [201p. (AFOSR-64-2275) lAF
1I109, qj963 AFOSR-C3-121] AD 452408 Unclassified

Let A and B be Banach algebras and N a homomorphism Presented at Seminar on Algebra, Geometry, and
of A into B. This paper is a study of the continuity Topology, Rome (Italy), Dec. 17-19, 1962.
properties of N whIch depend only on the structure of A;
B is completely arbitrary. The algebras considered are Also published In Seminart dell' Istituto Naoionale di
non- commutative. Alia Matematica, 1962-63, v. I j 133-152, 19N4.

This paper gives an elementary introduction to some
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basic notions and facts about linear algebraic groups 299
" some results on rnlpotent or locally ailputent linear
gwcp. (Mfal. Rev. abstract) Cilfornia U. [Dept of Physics] Berkeley.

SEMISMIRICAL MODEL OF THE INTERPLANETARY
297 MEDIUM, byJ. C. Brandt and R. W. Mtchie. [19621

[21p. incl. dag., refs. (AFOSR-3649) (AF 4W638)299)
Californti U,. [Dept. of Mathematics] Berkeley, Unclassified

ON T.RE PIVJECT"VE PLANE OF AN H-SPACE, by Also published in Phys. Rev. Ltrs., v. 8: 195-196,
W. S-nder and E. Thomas. [1962] 1[l. Ind. refa. MaT. U
(AJSRR-J1535) (Sponsored jointly by Air Force Office
of Scientiftc Research under AF AK)SR-63-336, John A semlempirlcal model of the interplanetary medium
Mincn Guggenheim Foundation, and National Science extending from the corona to about 5 astronomical units
Fosbtilon) AD 427850 Unclassified is presented. Graphs giving the variation of the cxpanv-

sMon velocity and the electron density with the distance
Also ittisned In Illinois Jour. Math., v. 7: 492-501, are plotted. The model prevented is consintent with

t16 satellite observations showing a considerable fine struc-
ture in the interplanetary medium.

Suppce that X Is an H-space, that is, X has a erntinu-
nu multiplication with unit One then may not be able
to define a cla*ss,-yng space B, but Stasheff has de- 300

flned the projective plane of X, P 2X, which has the California U. fDept. of Physics] Berkeley.

homotorpy type of the space B2 In case X is actually a

group. The relationsh•p between the cohomology of X ON THE DISTRIBUTION OF HIGH ENERGY STARS IN

a t di..,is -et SPHERICAL STELLAR SYSTEMS, by R. W. Michie.ad that of Y 1[1962] [26jp. incl. dlagr. (AFOSR-404'7) ,AF 49(638)-
299) AD 2906771 Unclassified

298 Abstract published in Quart. Jour. Roy. Astronom.S~Soc., v. 4: 323, Se'pt 1963.

[California U. Dept. of Physics, Berkeley]

Also published in Monthly Notices Roy. Astronom. Soc.,
SN-WAVE INSTABULITY AND PREMATURE SATURA- 'y. 1TZ5TW-I 1963.
TMON IN ANT!FERIOMAGNEITC RESONANCE, by A. J.
Heeger and P. Pincus. 119623 [31p, (Sponsored jointly A distribution function f(r, v, u;t) for isolated spherical
by Air Force Office of Scientific Research under [AF 18- stellar systems is obtained from the Boltzmann equation
(603)468 and National Science Foundation) with encounters described by the Fokker-Planck equa-

Unclassified lion. The distribution function is believed to correspond
rather closely to actual stellar systems since it Is oh-

Published in Phys. Rev. Ltrs., v. 10: 53-55, Jan. 15, tained from the Boltzmann equation, the potential is
TM obtained from Pcisson's equation, and the stellar orbits

are not assumed. to be tsotropic everywhere but rather
A semiclassical theory of epia.-wave Instability in anti- .- e more radial at greater dstances from the center.
ferrom•naetic resesnce is developed. The calculation The importance of a careful analysis in the region of
Is valid both for simple antflerromagnets and for carted phase space at and near the enErgy of escape is empha-
systsms when the ctiting is due either to single Ion sized. In this .egion, it ls shown that the velocity space
magnetocrystalline anisotropy or animotropic exchange. flux vector is constant, and it Is this constancy which
The nonlinear terms leading to the instability are found allows a solution for f. The distribution of high energy
to origrvte In the anisotropy and exchange energies. stars is depopulated for (1) those scms whose mass is
Thle critical radio frequency for the onset of instability small compared to the average stellar mass, (2) regions
is calculated and in general is given by hc = 4AH0 close .o the center of the system, and (3) large values

(.v'W. I,' %.here 50 and a; a r of the model parameter C. It is proposed that the method._ &11) a resetvely of analysts presented may be used for obtaining a dis-
uniform mode and •pin-wave lInewitdths; and .0 is the tribution function for rotating stellar systems. (Con-

zero-fteld antiferromagnetic resonance frequency. .x- tractor's abstract)
perimenUl evidence for the existence of spin-wave Insta-
bility is attributed to the onset oi spin-wave instability.
A new technique !or the measurement of spin-wave line- 301
widths Is descrited. This technique, which is based on
the response of the resonant system to amplitude modu- California U. [Dept. of Physics] Berkeley.
lated microwave power, yields results in agreement with
the Imtabtlity theory. The spin-wvve linewldth as de- !NTERPLANETARY GAS. VII. A SEWIEMPIRICAL
termlned by these experiments Is approximately 3 orders MODEL, by J_ C. Brandt and R. W. Michle. 1962ij
Of magntude narrower than the linewidth of the uniform i20jp. incl. diagrs. refs. (A FOSR-4048) (AF 49(636)-
mode, indicating that the broadening mec• s-ni,,s are 299) AD 290672 Unclassified
grossly different in the 2 cases,

> 68•
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Also published in Astrcphys., Jour., v. 136: 1023- (Sponsored jointly by Air Force Otlce of Sc;entific
103S6,-NoV. BY. Research under AF 49(638,32t7 and Alfred P. 6Im oe

Four, ation) AD 408059 Unclassifled
A theoretlral expression is obtained connecting parame-
ters in the solar wir.' 'tear the orbit of earth with parame- Als,a published in Phys., Rev., v. 127., 97,4-977, AAg. 1,
ters in the inner corona. A model similar to the emptrt- Ti-6.
cal model presented recently (Brandt 1962) is found to
be reasonably consistent with the theoretical expression. For abstract see item no. 302, Vol. 1t.
Near thE orbit of earth, an expansion velcitv of 200-

3
40' krin sec and a mean electron dens--ty cf 1-5. cm are 305
thought to be probable.

Caltfornia U. [Dept. of Physics] Berkeley.
302

ANALYTIC PIVPERTIES EN A.NGUi R MOMENTUM
California U. Dept. of Physics, Berkeley. OF THE RELATIVISTIC S MATRIX (Abstract), by A.

0. Barut and D. E. Zwanztger. [19621[11p. [AF 49-
ANALYTICITY IN COMPLEX ANGULAR MOMENTUM (638)327] Unclassified
OF THE RELATIVISTIC S-MATRIX, by A. 0. Barut
and D. E. Zwanzlger. [1962] 9p. incL refi. (AFOSR- Presented at meeting of the Amer. Phys. Soc.,
2400) (Sponsored jointly by Air Force Office of Scientific Washington, D. C., Apr. 23-26, 1962.
Research under AF 49(638)3Z7 and Alfred P. Sloan
Foundation) 1.-classified Published in Dull. Amer. Phys. Soc., Series I, v. 7:

W00. Apr. 23, 1962.
Also publtshed In Phys. Rev., v, 1277: 974-977. Aug. 1,
T§62. -Thilevvies) From the Mandelstam representation, an analytic ccn-

tinuation in anguar momentum I is defined. Tfl• ki'e-
The purpose of this work is to establish, on the baots of matical cuts are explicitly separated so that the sinpit-
unitarity and the Mandelstam representation, the analy- tude has the form
ticity and thre..hold behavior of the positions and residues t
of the poles of the scattering amplitudE in angular mo- A (q 2 ,' (q

2 . 20 q2' -__-'_" _o__ t
mentum as a function of energy, separate the right and Y(q', I) . egjll - ;)I(-q ju
left cuts of .he partial wave amplitude for complex f. 7 2
and extend, in a model theory in which elastic unitarity w q ) is areaC analytc fusrt,on oq and o t

holds, the domato of analyticity in the t plane to the w-th a cut from q 2_ to q 2 u only. Thus, Ao7regi•on Ret ". 1. (Contractor's ab~stract) 'ta tfrm2 _,t 2 _ nl.IuAi•
it-:-.A is a real analytic f.'nction in q2 and 1. From this
expression, the analytic properties of the positions

302 Orn(q 2 and the residues 7qq) of the poles in the angular-

California U. Dept. of Physics, Berkeley. momentum plane (Regge poles) are obtained. The

THEORETICAL PHYSICS OF ELEMENTARY PARTI- q2anties 0 n q2) - #n(q2), q21 have a r 2ght-hand

CLES. byR. Karplus. FInalrept. Apr. 1, 1958- (q2 =0to-)andaleft-handcut q2 =- _to- u2), The
May 31, 1962, 4p. (AFOSR-2780) (AF 49(638)327) threshold behavior of etn(q " andnq7)
AD 286724 Unclassified n

used in an effective- range approximation based or, the
A list is given of articles published during 50 months* dominance of the pole terms.
work in the theoretical physics of elementary particles.
The bulk of the work was zoncerned with the treatment
of the functions used to describe reactions between ele- 306
mentary particles as analytic functions of complex
energy and angle vaartablest T"o other types of problems California U. [Dept. of Physics] Berkeley.
on which work was done were the study of strong and
*aeak interactions of elementary particles to interpret LOW- ENERGY LIMIT AND REGGE POLES (Abstract), by
experimental results obtained with the lhrge accelerators K. Igl. j19622] 1lp- [AF 49..638)327] Unclassified
and the peculiar effects of interactions among elementary
particles in systems containing many such particles. Presented at meeting of the Amer. Phys. Soc.,

WashingtonU., Seattle, Aug. 27-29, 1962.

304 Published in Bull. Amer. Phys. Soc., Series U1, v. 7:
5s3, Aug. 27, 1962.

California U. Dept. of Physics, Berkeley.
A sum rule was deriveG tmder the assumption that no

COMPLEX ANGULAR MOMENTUM IN RELATIVISTIC singularities in J with the vacuum-quantum mumbers
S-MATRIX THEORY, by A. 0. Barut and D. E. extend above Z = 0 at t z 0, except for the Pomersachuk-
Zwanziger. [1962] [41p. Incl, re-s. (AFOSR-J338) Regge pole. The analysis shows that there must exist

another singularity in I > R•e 0. We consider the

•69 <
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pooibility, within this framework of the Regge-pole auzhor, and briefly described. Studies have includee
hypoth~esis, t~r-t the ABC trajectory might pass above flow stability wnd transport of ionized fluids -mag-
J 0. This wou~d imply a -ghcst'J m 0 state similar io netic fields. and boundary condition effects on tie sta-
t e Pomeranchuk- Reage ghost, and also the possibtility, bility of finite realons, experiencing gravitational ac-
thia t~tv ABC trajector , might pass thr~ough R-Y = 2, celeration. Tlei w,)rk his also been extended to approx-
giving vise to a sptn-2 resonance with t.. vacuum-quan- tmate transport e eiations in magnetic fields where
turn numbers, similar to the Porneranchck spin-2 binary ionized-particle collisions are not reversible,
resonauce. A sae~ rule! was also proposed which enables and to scattering phenomena, second order corrections
one to cheizk experime'ntally whether there exist any to adidabatic processes, and to Fermi acceleration.

s ingularitIes betwfeen 0 and I besides the Po.aeranchLk
adABr poles. Preliminary results are presented. A

close connection between the slope of the Regge trajec- 310
tory and the rN s-wave threshold behavior and p-wave
kicattering length is also discussed. Caliform,. U. [Dept. of Physics) Berkeley.

MAGNETIC SUSCEPTIMRLTY OF AN IMPERFECT GAS
307 (Abstract), by T. Soda and A. N. Kaufman. [1962]

~l.[A F49(638) 5081 Unclassified
California U. Dti.t. of Physics, Berkeley.

Presented at meeting of the Amer. Phys. Soc.,
A'"OMIC BEAM RESEARCH, by W. A. Nlerenberg and New York, Jan. 24-27, 1962.
H. A. Shugart. Final rept. Mar. 31, 1958-Mar. 31,
1961. June 30, 1962 [7T1p. incl. table, refs. ýA OSR- Published In Bull. Amer. Phys. Soc., Series 1T, v. 7:
2952) (A F 49(638)339) AD) 285777 Unclassified ~ i2,1962.

The ~ml bem rseach rogrm I deote totheThe equilibrium magnetic properties of a system of elec-
syThe matic measrmentmc pofgvamlous.detatic .nuclea anromagnetically interacting molecules In a weak magneto-
aytonmfic mroertiremTese pof ertiehstaticete nuclearan static field How(r are investigated, using a linked cluster
spins, nu'gntetlc moments and quadrupole moments as expansion technique. When the applied field, varies
well as Ptornic hyperfine structures, electronic angular slowly over molecular dimensions, a relation Is obtained
moments and g -factors. These rneasttremenis provide between magnetization IA~r) and the macroscopic field
a founahttoa upon which level systematics can be con- H1(r):, M(r) = (4!sY 1 x: (,u-l)H(r). The magnetic 'Clausius-
structed, and also provide test information for nuclear Monsotti function" (ja -1).,(u- 1)lis expressed as a power
structure theory. The technique employed is the atomic series In the activity, the coefficients of which are the
beam magnetic resonance method. (Contractor's traces of molecular clutster operators.
abstract)
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California U. Dept. of PI'ysics, Berkeley.
California V, Pv-pt of Physics, Berkeley.

CYCWA:TIKN RESONANCE IN S0111), by A. F. Ilip.
NUCLEAR SPIN, IIYERFINE STRUCTURE, AND Final rept. May 1959-May 1962. May 27, 1962 [31p,.
NUCLEAR MOMENT OF 64- HOUR Yr1-RIVM- 90, by (AFOSII-2765) (AF 49(638)500) AD) 612127
F. R. Petersea and II. A. 'Ihugart. 11961] [SIP. Inc. Urclasstfied

diagrs. tables, refs. (APttSR-3267) (Sponsored jointly
by Air Force Office of Scientific Research under A? 49- T'he method of cyclotron resonance has been demon-
(63S)339 andI Atomlc Energy Commission) strated to be feasible as a means of Investigating the

Unclassified Fermi surfaces In metals. Cycletron resonances have
been studied In tin, copper, aluminum, sodium,ý potas-

Vso published in Phys. Rev., v, 125. 284-291, Jan. 1, slumn, and silver. Results give cyclotron mass"s for
T*OI72. various electron orbits In an applied magnetic field,

and also contribute to the understanding of Fermi aur-
Vor abstract see itemn no. 244, Vol. V. faces in these metals. In addition, numerous problems

and phenomena connected with the cyclotron resonance
technique have been studied. In particular, the effect

309 of the direction of r, f. polarization relative to the ex-
ternally applied magnetic field has been found to give

California U. Dept. of Physics, Berkeley. detailed information about electron orbits. Experiments
on tin show the usual Azbel-Kaner subharmonics when

MAGNFETOHYDAICDYNMICS, by K. 14. Watson and L. the applied field Is perpendicular to the metal surface.
G. Henyey. Final letter rept. Mar. 20, 1962, 4p. The circumstances under whico this anomalous result
(AFV6R-2413), (AF 49(638)506) Unclassified occurs have been investigated in some detail. Also

under investigation are the signals which appear at low
The work of this project has been concerned with the*-- fields (up to 50 puss), notably In tin. These have been
retical .-esearch in magnetohydrodynamics, and has been shown not to be cyclotron resonance by their failure to
concentrate in the field. of physics a&d astronomy. scale with frequency, and their cause Is now under
Pub~lications resulting from the work are listed, by investigation. High field oscillations attributable to the
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de Haas-Sisubnkov effect in both tin and aluminum are nances, the Azbel-Kaner resonance was observed in the
also being studted. The effects of field tipping and r. f. victnity of the 11001, when this asis was perpendicular
polarization on these signals are being considered, or at large angles with respect to the surface.
Some work has been done on a modiftcation of the usual
de Haas- van Alphen experime -t, using a conventional
lock-in detection scheme with !--w frequency field modu- 314
lation.

California U. [Dept. of PhystcsJ Berkeley.

312 DYNAMIC EFFECTS OF THE SUHIL-NAKAMURA INTER-

ACTION IN MAGNETIC MATERIALS, by P. Pincus,

California U. Dept. of Physics, Berkeley. P. G. DeGenr.2s and others. [1962] [2]p. incl. dlagr.
(Sponsored jointly by Air Force Office of Scientific Re-

AZBEL'-KANER RESONANCE IN TIN WITH MAGNETIC search under [AF 49(638)600] and National Science
FIELD PERPENDICULAR 70 THE .SURFACE, by J. F. Foundation) Unclassified
Koch and A. F. Kip. [1962] [4]p. incl. diagrs. (AFOSR-
3409, (Sponsored jointly ba- Air Force Officc of Scientific Presented at Eighth Symposium on Magnetism and Mag-
Research under AF 49(638)600 and Office of Naval Re- netic Materials, Pittsburgh, Pa., Nov. 12-15, 1962.
search) UncLassified

Published in Jour. Appl. Phys., v. 34: 1036-1037,
Also published in Phys. Rev. Ltrs., v. 8: 473-476, p 9.-
juiWeTh, 1T62.

In a magnetic material, the nuclear spins are coupled
Resonances were observed only when the magnetic field via the exchange of virtual spin waves Suhl-Nakamura
was directed along or within 10' of the [100) ax's and interaction). This long range interaction is known to
with the r. f. current directed along the [100] axis in the contribute to the nuclear transverse relaxation time.
surface. The effective mass was m* = 0. 57 m . Reso- It also gives rise to a depression of the nuclear reso-
a w a b nance frequency and in fact to a complete nuclear spin-

nances were also observed with the r. . current along wave spectrum. This spectrum Is well defined even
'he ;001J axis with m* = 0.2 and 0.3 me. Details are when the nuclear spins are far from saturation. In

given of the experimental arrangement and of the material materials of sufficiently high concentrations of nuclear
used. An explanation is given as to how these resonances spý,us and at sufficiently low temperatures (helium
arise and also why they have not been obberved in other range) nonlinear effects may occur In the nuclear reso-
metals. nance signal, as have been observed by Heeger, Portia,

and Wilt in KMnF 3 . (Contractor's abstract)
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California U. [Dept. of Physics) Berkeley.
California U. [Dept. of Physics] Berkeley.

CYCWOT.IN-RFSONANCE STUDIES IN Sn (Abstract),

by F. Koch and A. F. Kip, [1962] [111p. (Sponsored QUANTUM OSCILLATIONS IN THE MICROWAVE
Jointly by Air Force Office of Scientific Research under SURFACE IMPEDANCE OF ALUMINUM AND TIN
1AF 49(638)6000] and Office of Naval Research) (Abstract), by C. C. Grimes, F. W. Spong, and A. F.

Unclassified Kip. [1962] [lip. ISponsored jointly by Air Force
Office of Scientific Research under [AF 49(638)600j

Presented at meeting of the Amer. Phys. Soc., and Office of Nava: Research) Unclassified
W•'htngton U., Seattle, Aug. 27-2% 1962.

Presented at meeting of the Amer. Phys. Soc.,
I ublished in Bull. Amer, Phys. Soc., Series 1I, v.7: Washinkton U., Seattle, Aug. 27-29, 1962.
477, Aug. 27, 1962.

Published In Bull. Amer. Phys. Soc., Series II, v, 7:ý
Azbel'-Kaner resonance for single cry stals of white Sn 47t, Aug. 27, 1962.
has been studied at 35 kmc for (100). (101). and (110) sur-
face3, using linear polarization of rf current both perpen- Oscillations In the magnetic-field derivative of the
dicular and parallel to H, The m* 6-alues and their de- microwave surface resistance of e'.gle crystals of
pendence on the direction of H ! i these surfaces have been aluminum and white tin at 1.5VK are reported. Because
measured. It is found that considerable differences in the the oscillations are periodic in reciorocal magnetic
relative amplitudes of cyclotron-resonance series ob- field, with periods independent of microwave frequency,
served with H along the same axis but contained In differ- they are associated with the quantizi.tion of the orbital
ent surfaces. This result Is interpreted in terms of the motion of electrons into Landau levels in a magnetic
geometry of the Fermi surface and Fermi velocity at the field, and are fundamentally related to the static effects
,joint of the orbit in the skin depth. The maximum sig- of de Haas- van Alphen (dH-vA) and Shubntkov-de Haas.
nal amplitude is observed when jrf is parallel to the ye- The observed periods and anisotropy were in quantitative

locity of the electron when it is in the skin. The ampli- agreement with some of the dH-vA periods seen by

tude varies as the cos
2 of the angle of j measured from Gunnersen in aluminum and by Gold in tin. However,

rf there appear to be some differences between the 2
the maximum. In addition to the usual surface reso- effects. In the skin- resistance oscillations, for the
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field along the diad axis of aluminum or the tetrad axis the bay was "triggered" by the sudden intenatfication

of tin, a single period was observed, rather than the and expansion of the electrcn precipitation. The motion
beats observed in the dH-vA effect. T7e oscillations were of the current system of the westward electrojet and
studied with both longitudinal and transierse linear polar- the electrons precipitating on the atmosphere wa& to-
ization of the microwave currents, and #Ath the field ward the north, indicating that processes well out of the
both parallel and inclined to the surface. lines of force through the auroral zone, rather than

local field conditions, were responsible for the move-
ment.. (Contractor's abstract)

316

California U )ept. of Physics, Berkeley. 318

A STUDY OF IONOSPHERIC ABSORPTION PRODUCED California U. Dept. of Physics, Berkeley.
BY SOLAR COSMIC RAYS, by M. A. Weir, Jr. 11962]
1104]p. Incl. diagras tables, refs. (AFOSR-4548) A COMPARISON OF AURORAL- ZONE X-RAY OBSER-
(AF 49(638)873) AD 296176 Unclassified VATIONS FROM PERIODS WITH DIFFERENT LEVELS

OF SOLAR ACTIVITY, by R. R. Brown. [1962i 141p.
Absorption of cosmic radio noise in the lower ionosphere incl. ttbles. (AF 49f638)873) Unclassified
due to arrival of solar cosmic rays has been calculated
for several locations at high magnetic latitudes. Calcula- Published in Jour, Geophys. Research, v. 67: 2681-
lion was made in 3 parts: (1) vol'une production rate of li 962.
electrons from ionization, (2) equilibrium electron density
resulting from competition between production and re- A to ,"parison has been made of auroral-zor'e x-ray
combination processes, and (3) absorption of electromag- observations from bal"-xn fligits In the summer months
netic radiation passing through the ionized region. Cal- of 1960 And 1961 to examine bow electron precipitation
culac.n was made 11or proton energy spectra in the form varies '.th solar activity. The results of this study
of power law as observed by balloon-borne detectort indlcate that the frequency of x-ray events diminishes
following large solar flares. Calculated absorption was with a decline in solar activity. However, the daily
compared with observations obtained by riometers electron flux over the auroral zone in June 1961 was
(relative Ionospheric opacit- meter) at Point Barrow. twice as large as that in 1960. This result is attributed
Fort Yukon, College, 2,d Farewell. *.aska. For the to position-motion effects of the electron precipitation.
solar proton event of July 14, 1959, the calculated ab-
sorption based on balloon data does not agree ir. magni-
tude nor latitude variation with the observations obtained 319
by the Alaskan riometers. The lack -,f agreement in
absolute magnitude indicates that the .. troospheric co- California U. Dept. of Physics, Berkeley.
otfficents used in obtaining th. c,'.Albrlmrn electron
density a.-e In error. In particular, the collisional de- ELECTRON PRECIPITATION ACCOMPANYING
tachment as well as electron attachment coefficients IONOSPHERIC CURRENT SYSTEMS IN THE AURORAL,
appear to require considerable revision. The lack of LONE, by J. R. Barcus and P. R. Brown. [1962]
agreement in the latitude variation sun'stantiates observa- [18p. incL diagrs. table. (AF 49(638)873)
lions at rocket altitude that the pvwer law energy spec- Unclassified
trum flattens considerably at prcon energies below 100
mev. (Contractor's abstract) Published In Jour. Geophys. Research, v. 67: 2673-

2680, July 1962.

317 From examinatior. of x-ray and ionospheric absorption
data during magnetic bays in the auroral zone, it has

California U. Dept. of Physics, Berkeley. been found that electron precipitation on the atmosphere
accompanies auroral-zone electrojets. The position of

AN AUHORAL- ZONE ELECTRON PRECIPITATION an electrojet and its associated electron precipitation
EVENT AND ITS RELATIONSHIP '0 A MAGNETIC region, rather than the amount of current in the system,
BAY, by R. H. Brown and W. H. Campbell. [1962] largely controls the magnitude of x-ray and ionospheric
[101p. incl. diagrs. table. (A 'OSR-J875) (AF 49(638)- absorption effects.
873) Unclassified

I's b d In Jour, Geophys. Research, v. 67- 320
1357136, Apr, 1 U•62.

California U, Dept. of Physics, Berkeley..
The relationship of an auroral- zoi.- rlectron precipitation
event to a magnetic bay has been examined using simul- A PULSATING AURORAL, ZONE X-RAY EVENT IN
taneous observations of x-ray intensity at balloon alti- THE 100-SECOND PERIOD RANGE, by D. S. Evans.
tudes, ionospheric absorption of cosmic radio noise, geo- [1962] [6]p. incl. diagrs. (_F 49(638);73)
magnetic micropulsations in the 5- to 30-sec period Unclassified
range, and variations in the geomagnetic elements H, D,
and Z. These observations show that an intense electron Published in Jour. Geophys, Research, v. 68: 395-
bombardment of the upper atmosphere was in progress 45F, -Ja-n.5, 1963.
prior to the bay and suggest that the current system of
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The observation of a 100-sec per-iodicity in x-ray tnien- ties of scattering amplitudes and satisfies crossing
sity at balloon altitudes during an Intense auroral- zone symmetry approximately. The interaction of 2-plan
x-ray event Is described. The peaks In x-ray Intensity states with pion-w meson states is dacisive for the
are attributed to variations In the flux of electrons mnci- proptrties of the p meson. Values of the p meson ms
dent on the atmosphere rather than to motion effect of and width aud the o- meson width are obtained tn terms
the electron precipitation. As such, the variations of of the pion and to' meson masses and are In fair agree-
the electron flux reflect the dynamics of the mechanism ment with experiment. (Contractor's abstract)
responsible for the pri-cipitation of the electrons Into the
atmosphere. The relation of tide type of periodi c elec-
tron bombardment to pulsating aurora is considered. 324

California U. D-'pt. of Physics, B~erkeley.
321

MIC1H)SCPIC BASIS OF MACRO)SCOPIC MAGNETO-
California U., Dept. of Physics, Berkeley. STATI ENERGY, by A. N. Kaufman and T. Soda.

[1962] [31p. (AFOSR-J388) (Sponsored Jointly by Air
[RESEARCH IN AIMUMC PHYSICS SCArrERING Force Office of Scientific Research uinder AF A FOSR-
PROCESSESI by K. M. Watson. Final rept. Oct. 1 , 62-121 and Atomic Energy Commission) AD 408290
1961-Sept. 30. 1962. Oct. 31, 1962, 3p. inc. refs. Unclassifted
(AIVSR-4050) (AF APUSR-62-121) Unclassified

Also pu~blished In Jour, Chem. Phys.. v. 37: 1983-1990,
Work dL zussed In this paper lies within 3 general cate-
gories: (1) many body problem and statistical mechanics;
(2) atomic physics, and (3) elementary particle physics. A microscopic description of the e~ectromnagnetic inter-
This is a computation program to study errors inherent actions among a set of charged particles, val!id to terms
in the Hariree-Fock method which Is used in describing oorrc 2,iusdtdeieanm rofel-ow
scattering phenomena. Other similar computational expordessions usor macosopice e umerosai aof magl-neo-n
programs will involve studies In certain atomic scatter- statesic n enery mand roscopariculacrosattentindismpaidto-

lrong probetlems much aodi. cto oth nvra the assumptions required toi the validity of these expres-
tionalprfncple mehod. , and to the relations between the various ntn-

equivalent expressions bearing the same name (such as
322 magnetic work). (Contractor's abstract)

California U. Dept. of Phystcs, Berkeley. 323

CONCERNING THE NOIAfON OF TIME INTERVAL IN California U. Dept. of Physics, Berkeley.
S- MATRIX THEORY, by M. L. Goldberger a'-d K. M.
Watson. [19621 [31p. inc. dlsgr., (AFt)SR'-j18) GROUND STATE OF THE HEUULM ATOM, by C.
(In cooperattý;, with Princeton U., N. J.) (Epo weored Schwartz. [19621 [3jp. ine. tAble. (Spocored jointly
jointly by Ali rorce Office cf Scientific Research under by Air Fcrct? Office of S-'ientific Research under
AF A~iUSR-62-121 and Atomic Energy Commission) AF AI~hR- 62-121, Atomic Energy Commission, and
AlD 400384 Unclassified Office of Naval Research) Unclassified

Also published In Phys. Rev., v, 127:. 2284-2386, Published in Phys. Rev., v,* 128: 1146-1148, Nov., 1,
Sept. 15, 1962. TM.-

The notion of time duration is considered within the Following a recent attempt to analyze the rate If con-
framework of S- matrix Lheory. It Is shown thai Wigner's vergence of Rayleigh-Rit4z vairiational calculations on
definition of the time delay, -th[(d lna de)], for a scatter- the ground state of helium, a re-tnvestigation is spAde
Ing process permits one to define time duration in a of the usefulness of inserting fractional powers of the
coarse- grained sense. (Contractor's abstract) variables into the conventional Hylieraas series. The

results are reported to be successfull. With a 164-term
trial function containing half-powers of the variable

323 s = r I r 2 1 the best Eigenvalue obtained by Pekeris,

Caliorna U [Det. f Pysic] Brkeey.who used 1078 terms of the conventional 'jpe, has been
Caliorna U.[Det. f Phsic] Bekel~y.matched. The extrapolated value for the nonrelativistic

PIONRFSNANES.by F Zaharaso andC. enich. eigenvalue Is -2.9037243771 au, with an estimated
;19621 [101p, tnc. diagre. refs. (AFOSR-J137) uncertainty of about 1. 10 (Contractor's abstract)
tkF AFX)SR-62.121] AD 400188 Unclassified

Also published In Phys. Rev., v. !28: 849-858, Oct. 15,

A self- consistent calculation of some featui es of the low-
energy pion resonances In performed by a "boc-t-strap"
methcd which preserves unitarlty ard the analytic proper-
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320 AloRblWdI Phys. Rev., v. 1211: 1740-1746,
Nov. 15, 1962.

California U. [Dept. of Physics] Berkeley. The atomic-beam magnetic- e'4,nance method was used
to study some atomic and nuclear properties of 84-day

UNSTABLE MODE~S IN THE SOLAR HYDFIKGEN 46 91 46
CO)NVEC71ON ZONE, by K. -H. Bohm- [19621 [zO0]p. Sc and 58-day Y . 'ýte _e t.~ re: SC , I 4;
tncl. diagre. tables, refs. (AFOSFI-J617) (AF AFOERt- uncorrected magi etlk moment = +4.03 (2)nm; uncorrected

62-199) AD 414074 Unclassified quaLdrupole moment - ýa. 119 (6)b; 2 3/ state gil =

Als #tshe in Astrophys. Jour.. v. 137: 881-900, 9. 7 990 (8)- a . 150.5743(9) rrcisec, b m.14.38 (14)
Agr.1T,19Tw mc/ser; 2D 2 state gj 1.1995(18); a +60.9069 (4)

For the model of the solar hydrogen convection ton mc; sec; b z.20.41 (!0) me/see. Y9', I =1V2, un-
suggested by Bohm-Vitense (98,the fundamental corrected magnetic moment = ±0. 1634 (8)ntn; 2D12)3 at
mondes with hoetzont4l scales in the range 500 km !c2stt
(1 21 c50000 km and their growth ratcz (degree of insta- a !- 68.34 (2) mc 'sec: hyperfine structure = ±136. 69 (3)
bility) have been calculated, using the linearized hydro- mc -sec; 2D state a*34.35 (3) inc/sec; hyperfine
dynamic equatioas and including the effects of radiative 5--2
transfer. The variation of the mean temperature TO structure z±103.05 (4) inc/see.

and density p 0 with depthi, the dependence of the other 328
thera-.'d~ynamlc functions on Ti) and o0 for a partially

ionized mixure of hydrogen and helium, and tWe detatlliE California V. Dept. of Physics, Berkeley.
depib depienience of the opacity and Its derivates lave
been takcen tnt, accour.( A detailed model of thco stable SINGUL4kRITIES IN ANGULAR MOMENTUM OF THE
photogoie--e o dJ a schematic model of the ;ower parts of SCATT-ERING AMPLITUDE FOR A CLASS OF SOLUBLE
the cbrcomoaphere have been incorporated In the B~hm- POTE' NTALS, by A. 0. Barut and F. Calogero. 11962)
Vitense model, in order to study the penetration of the flkj. inc. diagrs. refs, (AFOSR-J395) [AF AF0FiR-
convective motion Into the stable part of the atmosphere. 62-373] AD 411908 1nclssi'F~ed
These computations may be considered as a first prepara-
tion for a later application of the non-linear convection Also YbW heIn Phi's. Rev., v. 128: ,1383-1393,
theory of Ledoux, Schwarzschild, and Spiegel (1961) to Nov, 7IY
the solar hydrogen convection zone. The conclusions
from the r Tsults of the present calciaations are as The analyticity of the scattering amplitude In thf

followa: (I) The growth ratcs increase approximately v-ariables, energy, and angular momentum Is explicitly
linearly with increasing wave number of the perturb~a- studied for square well and a class of continaowz, po-
tion, I. e., much faster than in the case of a polytropic teftials having a I1- r 2 type of core or tail. The traJec-
atmosphere. (2) At a scale (X '2) =500 tm, wer are not tories of the poles in the I plane and their residues have
yet close to the maximal raic of Instability. Cunse- been determined numerically. (Contractor's abstract)
qutnely, the -~cutoff" of the unstable raodes doe to the
radiative smoothing of temperature fluctuations must 329
occur only at a considerable smaller (X 2). T1his Is due
to the fact that the modes are mainly driven In layers California V., Dept. of Physics, Berkeltey.
a few hundred kilometers below the photosphere, where
the opacity Is some orders of magnitude higher than tn AKALYTICTTY IN AN4GULAR IMOMENTUM OF THE
the photosphere. (3) Modes of a s.,aall horizontal scale RELATIVISTIC IMANY- CHANNEL S MATRIX FRO)M
are essentially restricted to a (vertically) thtn layer at DISPERSION RELATIONS AND UNITAICITY, by A. 0.
the top '. the convection zone. and (4) The overshooting Barut. (' 9621 S5'p. incl. refs. (AFIJSR-J536)
of the convective motion into th-e stable parts of the AAOR6-7 D410 ncasfe
atmosphere Is larger for modes -&tlih larger values of A,.[FAOR6-7 A 1992casfe
In the stable parts of the atmosphere the convective Also published in Phys. Rev., v. * 2, 1959-1963,
motion is mainly horizontal. Modes withi a horizontal X~ Nov. IF~ 192
larger than ab~ut 6000 kmn probably penetrate a few 462

thousand kiloweters Into the chromosphere. (Contrac- The analyticity of the scattering amplitude in angular
tor's abstract) momtentuzm for N- coulled . Iativicilic 2-bhody channels

iq i.vestlgated on the ba--is of %Undelstam representa-

327 tion cad unitarit-y. Thbe problem of the proof of the
analytic properties of the amplitude Is reduced to the

California U. Dept- of Physics, Berkeley. boundedneas of a particular kernel involving the left--
hand disenntinuity of the amplitude. The behavior of

NUCLEAR SPINS, HYPERFINTE STRUCTURES, AND the Regge trajectories at inelastic thresholds is deter-

NUCLEAP. MoMEN7S OF SCANDTVM-46 AND YTTRIUM- mined. The results are extended to relativistic modeca
91, by F. R. Petersen and H. A. Shugart. [19621 [7kp, with infinite-dimensIonal unitarity relatlim but without

Inc. diagrs. :ables, refs. (AFOSR-66-1272) (SpoLn~sored er-Asing symmetry such as the Bethe-Salpeter ampli-

jointly by Air Force Office of Scenttflc Research un.der tL-de. The implications of the results to the exact 5-

[AF AFOSR-62-3461 and Atomic Energy Commission) matrix theory are also discussed. (Conteactor's

AD 640224 Unclassified abstract)
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330 Alo ulishdin Nuavo Cimento, Series Xv. 26- 168-

California U. Dept. of Physics, Berkeley.
The analyticity and unitarity hypotheses for a general

TWO VACUUM POLES AND PION- NUCLE)ON SCATTER- transition amplitude are formulated carefully for a
ING by K. IgI. [1662J ft1p. incl. tables, refs. (AFOSR- world containing only 1 type of particle. From these
64-0497) W(AF AOSR-62-373) AD 436378 hypotheses follows the conc~uslon -that the general

Unclassified transition amplitude has no singularities on the positive
real energy axis other than isolated singularities at

AlsoEý ýeA in Phys. Rev., 1. 130: 820-827, Apr. 15, physical tl-resholds. The a.aaiytic behavior near each
1T~63. such slnr~-arity is exhibited. At thresholds for processes

involving an odd number of particles, the behavior 12
A general expression is given for the pion- nucle.on non- logarithmic.
charge-exchar~ge scattering amplitude for arbitrary en-
ertgy and small momentum transfer on the assumption
tnat only the vacuum pole P and the second vacuum pole 333
P' exist in the upper half J1 plane, Sum rulee for nor.
spin-'lip and spin-flip amplitudes are derived and used, California U, Dept. of Physics, Berkeley.
comibined with the analysis of the high-energy "-N cross
sections in terms of Regge poles, to Investigate the be- A NOVEL APPROACH 7I) ELEMENTARY SCATTER-
havior of P and P' trajectories near I 0. For this I IN THEORY, bý F. Calogero. '1962',421p. incl.
parpose the importance of a precise measurement of the cliagrs. refs. fAFO)SR-64-0501) (AF AFOSR-62-373)
ios%-energy partial-wave phase shifts is emphasized. A AD) 43616e Unclassified
sum rule for the S- wave pion- nucleon non-charge-
exchange scattering length can be satisfied with ap 0. 5. Also puablished In Nuovo Cimento. Series IC, v, 27:,

261- 2T2_,JiaR1T, 106.

331 An approach to potentil scattering to discussed. The

Caliorna U. Det. f Pysic, Brkeey.problem of evaluating scattering phase-shifts and
... aforia . Det. f Pysic, Brkeey.bound-stat_2 energies is discussed. The effect of the

potential on iti~e wave function is also analyzed. Approx-
ELEMENTARY PARTICLE THEORY OF COMPOSITE tn'aring formulas are given. A powerful representation
PARTICLES, by S. Weinberg. 11l962J 161~p. (AFOSR-64- for the tangent of the phase shift, valid if the potential
0499' (AF AFOSR-652-373) AD 436366 Unclassified ne~er changes sign and the phase shift is smaller in

magnitude than - 2. is obtained. Bounds on the phase
Also published in Phys. Rev. , v. 130- 776-783. Apr. 15, shifts and on their derivatives with respect to linear

096. and angular momentum are established. (Contractor's
abstract)

Any nonrelativistic theory may be rewritten by introducing
ficuttious elementary particles with arbitrary properties.
No physical predictions are affected, provided that the 334
tnteraction part of the Hamiltonian is corresimondingly
rroditfied. The fictitious elementary part cle provides a California U_ Dept. of Physics, Berkeley.
g~ood representation of a real composite particle if the
n1icdifled interaction Is sufficiently weakened for pertur- SPONTANEOUS BREAKDOWN TI) OCTET SYMMETRY.
bation theory to work, It corresponds to a truly ele- bv S. L. Glashow. 1'19152, P~jp. (AI1OSR-64-0502)
mentary particle with infinite bare mass, and hence (A F APOSR-62-373)' AD 436171 Unclassified
*wt Z 0. Illis shown how the later condition vields a
SL- rale for the coupling of a composite particle to Its Also. published 'in Phys. Rev.. iv. 130: 2132-2134,
constituents as a function of energy. Tre sum rule can Jun e-17 96T3.
bc used to evaluate such coupling constants as that for
the proton -electron- hydrogen vertex. The mathematical A model of strong interactions wit!, the octet ".mmetry
me~'had used is that developed by Schmidt for the study of Cell-Mann and Ne'eman is considered, and a spon-
of !he Fredholm equation, and corresponds to the extrac- taneous breakdown of tl,-s syimmetry leading to no.-Ae-
tion of a single factor from the full Fredholm deter- generate baryon masses is sought. The Gell- Mann
miinant. mass formula is deduced for the physically relevant sym-

metry- breaking solutions.

332
335

Caitorna U Det. f Phsic, Brkcey.California U. Dept. of Physics, Berkeley.
ANALYTICITY AN4D UNITARITYOF GENERAL
TRANSITION AMPUTU1,DES, by A. J. Dragt and R. UNSTABLE PARTICLES IN S- MATRIX THEORY, by
Karplus. 11962-1 i91'p. incl- refs, (AFOSR-64-0500) D. Zwanzlger. 119621 Mllp. Inc. diagrs. refs.

'AF AFOSR-62-373) AD 436168 Unclassified (4PO%:SR-64-05Ci4) (AF AFOSR-62-373) AD 436374
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opublihed In Phys. Rev., v. 131: 888-898, July 15, 338

California U. Dept. of Physics, Berkeley.
The consequences of the existence of complex poles in
scattering amplitades, corresponding to resonances or SIMULTANEOUS ELECTRON PRECIPITA71ON IN
unstable mzc.ties, are investigated. Specific examples "iHE NORTHERN AND SDUTHFRN AURORAL 2ONES,
show "iat corresponding to such poles are wrmal threh- by K. A. Anderson, R- R. iBrown and others. 11962]
old cuts lying near the physical region and which cause [21p. Incl. diagrs. (Sponsored jointly by Air Force
'wooly cusps' in scattering cross sections. The dis- Office of Scientific Research under AF AFOSR-62-422,
continuity across such a cut is expressed by a unitarity- National Science Foundation, and Office of Naval Re-
like relation in terms of unphysic'il amplitudes with un- search) AD 297111 Unclassified
stable external particles defined oy the residues of the
complex poles. More generally, it to shown that the Also ublished in Jour. Geophys. Research, v. 67:
LAndau equations for the singularities must be extended 407W6 , Sept. 1962.
to include all unstable as well as stable -articles. The
Cutkosky formulas specify the corresponding discon- A series of simultaneous high-altitude balloon flights
ilnuities in terms of the physical and unphysical amplit- were cki i ed oat from College, Alaska, and Macquarie
tudes. (Contractor's abstracz) Island, Austra:t. , for the purpose of comparing features

of electron pr- -.pttatio.i Into the northern and so0.;hern
4-rori. zonef - approxinmtely the same geomagneilc

336 1 - "- ,r,'tstntial fluxes of auroral zone x-rays
. fere obser-v, i . hoth hemispheres during magnetic bay

[California U. Dept. of Physics, Berkeley] activity. The. - ray observations indicate that the elec-
tron influx in both hemispheres extended over a region

DECAYS OF VERY UNSTABLE PARTICLES, by S. L. 3' wide in latitude and 16' in longitude. The near
Glashow. [1962j [2Wp. (Sponsored jointly by Air Force equality of the x-ray fluxes in both auroral zones sug-
[Office of Scientific Research] under [AF AFWSR-62-373j gests that the electron precipitation originated from
and North Atlantic Treaty Organization) Unclas#tfled processes far out on the lines of force, near the equa-

tortal plane, The magnetic and Ionospheric disturhances
Published in Phys. Ltrs., v. 2: 251-252, Oct, 1, 1962. accompanying the x-ray event are discussed.

Particles so short-lived that the usual approx-imatlons
and conclusions are invilid are considered. Different 339
decay modes may have different line shapes and mean
energies: this behavior may help to determine spins. In California U. Electronics Research Lab., Berkeley.,
particular the spins of hyperon isobars, the new KK
resonance and the o meson are discussed. A PHASE-PLANE APPROACH To RELAY SAMPLED-

DATA FEEDBACK SYSTEMS, by F. J. Mullin and E. !.
Jury. [1958] [ll1p. incl. diagrs. (AFOSR-3573)

337 (AF 18(600)1521) Unclassified

Callf-rria U. Dept. of Physits, Berkeley. Presented at Pacific General meeting of the AIEE,
Sacramento, Calif., Aug. 19-22, 1958.

AURODRAL ZONE X-RAY PULSATIONS IN THE 1- TO
15-SECOND PERIOD RANGE, by C. D. Anger, J. I. Also published in Trans. Amer. Inst. Elec. Engineers,
Barcus and others. [1962] [81p. incl. diagrs. (AFOSR- v.'7 (PartT!E117-524, Jan. 1959.
J392) (AF AFOSR-62-422) AD 411898 Unclassified

For abstract see item no. CAL.04:016, Vol. IT.
A publshed In Jour. Geophys. Research, v. 68:
1O23-T030 Feb. 15, 1963.

340
Auroral zone x-ray pulsation in the I- to 15- sec
period range, observed at Macquarie Island. Australia, California U. Electronics Research Lab., Berkeley.
un Mar. 5, 1962, and College, Alaska, on June 29, 1962,
are described. Both obsmrvations indicate that the time PHO1KODLSSOCIATION OF MOLECULES FUR F._XCITA-
intervals between the x-ray bursts are not unique: the TION OF AN OPTICAL MASER, by J. R. Siigr.
average intervals over the pulsaticn events were 7.8 and Jan. 8. 1962, 7p. Incl. diagrs. table. (Series no. 60;
8.8 sec, respectively. These observations trKIcate tqt issue no. 429) (AFOSR-2251) (AF 49(638)102)
the pulsation periods in this range are determined by AD 4O3II Unclassified
Acceleration or pitch-angle redistribution processes in
the equatorial plane rather than any fundamental, periodic In working with optical masers, it Is necessary to ob-
motion of the electrons along lines of force in the geo- tain a very narrow emission source in order to utilize
magnetic field, Its many possibilities. The best method of obtaining

this source Is to eliminate doppler broadening by ob-
serving atomic transition perpendicular to the path of
an atomic beam; this method can be adapted to optical
masers. The syste'm studied involves photodlasociation

of molecules in which I dissociated atom appears in an
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excited state, General process may be described by resulted in a general analysts of the Interaction between
the following reactions: (1) l", , AB - A* - B' K. E. magnetic and electric dipole emitters •ad the radiation

0 wave. Another research effort of considershle import
and (2) A* - hiI 'A, where hv0 Is a high energy photon has been the Initiation of studies of a pbotodissoclation

interacting with a molecular compound AB composed optical maser. A list of publications and technical
of atoms A and B. papers presented at conferences is given.

341 343

California V. Electronics Research Lab., Berkeley. California U. Electronics Research Lab., Berkeley.

AN ELECTRON STEAM INSTABIUTY, by W. B. THREE-LEVEL MASER MATERIALS: A SURVJY OF
Bridges and C. K. Birdsall. Mar. 23, 196; 1202]p. incl. POTENTIAL MATEIUALS, 1, byJ. Wakabayvaeb.
illus. dtagrs. tables, refs. (Series no. 60; issue no. Mar. 7, 1962, 77p. micl. diagra. tables, refs. (Series
443) (AFOSR-2658) (AF .9(638)I02) AD 284291 no. 60; !ssue no. 439) (AFOSR-4556) (AF 49(638)102)

Unclassified AD 296875. Unclassified

The dynamic behavior beyond the limit for the stream This report is a study of potential materials for use in
flowing between and normal to Infinite parallel-plane elec- the maser, The problem of finding or making crystals
trodes is treated. The model used to approximate the with the desired qualities can be divided into 2 parts.
multivelocity stream consists of a large number of The first is to choose the paramagnetic Ion suited to
charges which are injected one at a time into the diode the purpose. The second is to choose a suitable dismag-
and are allowed to move under the influence of their own netic, d.electric solid to serve as a host for the parm-
electric fields and that of the electrodes. The trajectories magnetic ion. A list of the most promising maser
of the sheets, voltages, currents, and energies were materials and their properties is presented.
calculated with the help of a digital computer. For
streams of finite cross section, circular or rectangular,
the static. solutions are obtained for the stream flowing 344
normal to i.-ifinite parallel plane elect:odes. The dynamic
behavior obtained it offered to explain some of the California U. Electronics Research Lab.. Berkeley.
effects observed in low-noise microwave tubes and plas-
ma diodes, and is proposed as a fast switching circuit. WAVES IN DRIFTING AND ACCELERATING ELECTRON
The peak in diode shot noise at the plasma frequency of STREAMS IN RADIAL FLOW, by W. B. Bridges and C.
the cathode potential minimum appears as the oscillation K. Birdsall. June 29, 1962, 2

9
p. incl. diagrs. refs.

freq•ency of the diode treated Pere. The stream dynamic (Series no. 60, issue no. 459) (AFOSR-4557) (AF 49-
o,'ývior, considered as a change of state at limiting, (638)102) AD 296452 Unclassified
is propob,:! as a 2-state switching element for nano-
second or shorter r.te,, *-th possible computer applica- The solutions for space-charge waves obtiwned by Hahn
tions. (Contractor's abbtract) (1939) and Ramo (1939) for a rectilinear, driftint stream

are quite well known. Less well im-wn are the more
mathematically complicated solftions obtained when the

342 stream flow Is along radial lines and the stream is
accelerating for the following cases: (1) first order

California U. Electronics Research Lab. , Berkeley. current for radial drifting floi, (2) current and velocity
in accelerating parallel flow, and (3) accelerating radial

[MICROWAVE ELECTRONICS]. Final rept. Jan. 1, flow. The present work attempts to unify all of these
1957-Sept. 30, 1962, Op. incl. refs, (AFOSR-4516) cases and -a few more into one general solution.
(AF 49(638)102) Unclassified

Work has been done on (1) electron streams (focusing, 345
noise properties, tistabilities) and ,2) quantum elec-
tronics (mainly optical masers and investigations of California U. Electronics Research Lab., Berkeley.
optical maser materials). The electron 3tream work
has been concentrated in instabilities for streams formed PLASMA OSCILLATiONS AND PARTICLE TRAJEC-
and focused in different ways. The transient behavior 7I0RIES IN A URIFTING ELECTRON STREAM:, PALMER
at limiting current has been obtained for the first time. DIAGRAMS, by C. K. Birdsall. June 29, 1962, 4 4

p.
Results show that part of the classical solutions made Incl. diagrs. refs. (Series no. 60; issue no. 458)
decades ago are in serious error. Similar work with (AFOSR-4558) (AF 49(638)10i) AD 296390
streams indrift tubes, in confined flow and in Harris Unclassified
flow (centrifugal electrostatic focusing) are presently
being studied in order to understand in detail the onset Electron trajector4 s are obtained for the Hahn-Ramo
of instabilities in various electron and ion stream con- spact--charge wai es. The appro-ch is to use
figurations. The quantum electronics projects have Lazranglan form of hydrodynamic equations of motion
covered a number of microwave and optical maser and of continuity. This is in contrast with the more
problems such as finding suitable maser materials and common Eulerian jellied-out fluid approach where the
new ways of obtaining maser operation, especially in
new frequency ranges. The study of 2-level masers has
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particle Identity is lost. The model used is developed 348
in some detail. Trajectory plots az ý given for the
faster and slower space- chs-ge waves by themselves, California U. Electronics Rf areh Lab., Berhe!ey.
and for velocity modulation "r the ratios of driving fre-
quency to selected plasma frequency u,/u , of 0.5, 1. 0, ART-[FICIAL HIGH TEMPERAUIJRE SOURCES IN

P NOISE MODEUNG STUDIES, by J. R. Whinnery and
and 2.0. (Contractor's abstract) M A. Bellazk. 11962) [61p. i .cl. dtagrs. table, refs.

[AF 4 9(6 3 8 )102J Unclassifted

$46 Published in Microwaves: Proc. Fourth Internat'l.

Cong. on Microwave Tubes. Scheveningen (Netherlands)
California U. Electronics Research Lab., Berkeley. (Sept. 3-7, 1962). Eindhoven, Centrex Publishing Co.,

1963, p. 478-483.

TRAVELING WAVE FOCUSING FOR PLASMA CON-

TAINMENT, by C. K. Birdsall and .. J. Lichtenberg. Studies show that noise experiments might be scated to
[19591 13;p. [AF 491,3)1021 Unclassified an order of magnitude lower in frequency and greater

in size, with maintenance of similar voltage distribu-
Published in Phys. Rev. Lirs., v. 3: 163-164, Aug. 15, tions and transit angles to equivalent positions, if elec-
"T9-9. tron sources with enuivalent temperatures from 100 to
The focusing and contraction of low density dc plasma 1000 times usual cathode temperatures were available.
columns carrying currents up to 100 mA were studied A simple Idea for tbtalntg such sources is that of
under confining field frequencies in the range 3 to 25 amplifying velocity dis.ritvutinns along an electron
mc,'sec. The amount of contraction was proportional stream, say by traveling-*,kve amplificatior.. The
to the applied power in this range. It is believed that noise amplified might be that originally present in the
the electrons are being focused by the traveling fields beam, or additional random noise may be impressed
and the tons are contained in the potential well thus at the amplifier InpuL In the latter case, distribution,
formed. With large structures and higher power It as given by analysis of a simple model, is not half-
should be possible to focus both electrons and Ions. At Maxwellian, but appears to be a reasonable approxima-
1000 mc sec, the ionifation effects of the high frequency tion to it in form. A preliminary experiment, carried
effects were very strong and the plasma was maintained out on a tube designed for depressed collector opera-
without a dc discharge. No f-cusing was observed, but tion, showed an effect from the r. f. fields of the helix
this may have been masked by the intense excitation, which was consistent with the known pin of the tube

The result-noise temperature of the beam, estimated
from retarding field current measurements, corre-

347 
spanded to about 10 -K, and seemed to have reasonable

CMlifornla V_ Electronics Research Lab., Berkeley. approximation to a half-Maxwellian distrt.bution.

PRWBI:CHED BEAM TRAVEUNG-WAVE TUBE
z,':-ZD(ES, by A. J. Llchtenberg. it19io i71p. Incl. 349
dligrs. table. (AF 49(638)102) Unclassified

California U. [Electronics Research Lab. ] Berkeley.
Published In I. R. E. Trans. on Electron Devices. v.
ED-9: 345-351. July 1962. OPTICAL MASERS UTILUZING MOLECULAR BEAMS

(Abstract), by J. R. Singer andl. Gorog. [1962] 1l1p.
A traveling wave tube with a prebunched beam is found [AF 49(C;8)1021 Unclassified
to have a considerably higher efficiency than the same
tube without prebunching. For the particular tube tested, Presented a. meeting of the Amer. Phys. Soc.,
the efficiency is increased from 20 to over 357 at a gain New York, Jan. 24-27, 1962.
of 8. Computer calculations usizig a discrete disk model
give similar results. The beam l9"bunched tightly in Published in Bull. Amer. Phys. Soc., Series It, v. 7-
energy at the position of hgl•iest efficiency, indicating 14, JanE24 1962.
that very high efficiency could be obtained with a de-
pressed collector. Both current and velocity modulation Molecular beams optical masers having the advantage
are required for prebunching, and are obtained by n•ans of providing a continuous optical emission from mole-
of a current grid followed by an tr.ductively tuned velocity cules which can be excited to an Inverted Boltzmann
modulation cavity. The requirements of the current distribtition in an irreversible manner. A number of
grid are not great so that operation should be possible molecules have been chosen, including some alkali
at frequencies well above the normal operating region halides, as possibilities for obtaining coherent optical
of a microwave triode. The operation of the tube is emission at various infrared and optical frequencies.
sensitive to the output match, and It appexrs to be diffi- Of these, experimentil studies of rubidium iodide have
cult to obtain a good match with the bear, on. (Con- been undertaken for a fcasibility investigation of the
tractor's abstract) general approach. Tie excitation of RIA is accomplished

by irradiation with a broad 2537-A line of mercury.
Rubidium iodide disso4ates uwader the uv luto an excited
rubidium atom and an iodin atom. The rmttdium atoms
decay to the ground state with emission of photons of
7800 or 7947A. By protviding a Fabr7-Perot etalon. it
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should be possible to obtain a coherent Induced emission this model, the linear program for the mtnimination of
output at these wavelengths. The process is general, Boolean functions in prime Implicant form with arbitrary
and a number of other molecular beam masers will also constant cost coefficients is formulated. Variable noW-
be discussed. Practically all the alkali halides are suit- linear cost functkons, derived from the fan-out problem
able, and the process presents the advantages of broad- are then considered. Methods for taking into consldera-
line absorption and narrow-line emission. tion lead length, loading, and fan-In restrictions are

discussed. In essence, the technique simplifies the
Boolean functions to a form which is minimal in cast

350 to implement. (Contractor's abstract)

California U. Electronics Research Lab., Berkeley.

PARAMAGNET1C RESONANCE SPECTRUM OF Fe3 +

IN CALCITE, by J. Wakabayashi. [1962] [3!p. Incl. California U. Electronics Research Lab., Berkeley.
diagrs. (AF 49(638)102) Unclassified

ANALYSS OF ERRORS IN THE ESTIMATION OF THE
Published in Jour. Chem. Phys., v. 38: 191u-1912, IMPULSVE RESPONSE, by IL Kwakernsak Feb. 6,
Apr. "5-,I-963. 1962, 33p. incl. diagra. tables. (Series no. 6a, issue

no. 434) (AFOSR-2576) (Sponsored jointly by Air Force
The paramagnetic spectrum of an impurity in natural Office of Scientific Research, Dept. of Army, and Office
crystals of calcite has been ezamined and identified as of Naval Research under AF 49(638)1043) AD 278394

that of Fe 3. The value of g is assumed to be two. Un ed

Approximate values for IDI and Ia - F! are 2.9 and The method of finding the impulsive response of a linear,
0.44 Gc, respectively. The value of the cubic field time-invariant system by the computation of correlation-
splitting parameter a was not determined- fumctions of input and outbut, Is Investigated. The effects

of (I) truncation of the Impulsive response, (2) sampling
the data, and (3) additive noise at the output, are studied,

351 especially under asymptotic conditions, I.e., for long

observation times. The truncation distorts the actual
California U. Electronics Research Lab., Berkeley. impulsive response primarily at the endpotnts of the

interval considered. For this reason, the Interva
APPLICATIONS OF GRAPH THEORY TO SOLUTION should be chosen sufficiently large. The sampling has
OF SOME SYSTEMS OF LINEAR ALGEBRAIC EQUA- a smearing effect on the Impuisive response by reducing
TIONS, by 1, Cederlaum. Jan. 23, 1962, 10p. incl. the resolving power, but on the other band can hale a
diagrs. tables, refs. (Series no. 60; issue no. 432) highly smoothing effect on the noise. The sampling
(Af._SR-2104) (S.niert I-. ,ntly by Air Force Office of rate also greatly influences the _m-nnt off competatite!
ScientlTic Research, Dept. of the Army, and Office of work to be carried out. The errors of the estimate due
Naval Research under AF 49(638)1043) AD 278393

Unclassified to the noise are proportional to /• which is . usual

Graph-theoretic arguments using the orthogonillty of the result for this tv.- of estimate. Also it was noted that
cut-set, the circuit subspaces and the relation between in many cases the statwatcal errors depend very much
the nonvanishing terms in the expansion of a determinant on the sampling interval, aa may even become Infinite
and the cycles in the associated graph are applied to if the sampling interval goes to zero. Some rs'sults of
render all the binary solutions of systems of linear equa- a computer-study to check the theoretical results are
tions. Application is made to systems of linear algebraic given. (Contractor's abstract, modified)

equations ann cycles and undirected cut-sets. Since the
number of cycl-€ and their dials in a given bounded finite 354
graph may be very high the solutions may be presented
in a closed form through the use of an adjacency matrix. California U. Electronics Research Lab., Berkeley.

NOTES ON SYSTEM THBORY, VOL. 1, Oct. 1, 1961,
352 71p. incl. diagrs. tables, refs. (Series no. 60; issue

no. 408) (AFOSR-3400) (Sponsored jointly by Air
California U., Electronirts Research Lab., Berkeley. Force under AF 19(604)5466, Air Force Office of Scien-

tific Research under AF 18(600)1521 and AF 49(638)-
THE MINIMIZATION OF BOOLEAN FUNCT1ONS C0.N- 1043; National Science Foundation and Office of Naval
TAINING UNEQUAL AND NONLINEAR COST FUNCTIONS, Research) AD 270449 Unclassified
by M. A. Breuer. Jan. 22, 1961, 19p. incL d~agrs.
(Series no. 60; issue no. 431) (SiFOSR-2445) (Sponsored For abstract see item no. 294, Vol. V.
jointly by Air Force Office of Scientific Research, Dept.
of the Army, and Office of Naval Research under AF 49-
(638)1043) AD 278392 Unclassified

A method is presented for minimizing Boolean functions
by employing linear programming. The classical model
of a Boolean function in vector space is presented. From
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355 358

California U. Electronies Research Lab., Berkeley. California U. [Electronics Research Lcb. J Berkeley.

[MaC RESEARCH I.N ELECTRONICS1 Final rept. STABILITY AND APERIODICITY CONSTRAINTS FOR
Feb. 15, 1962 f67kp. incl. dtagr,. refs. (Consolidated SYSTEM DESIGN, by E. I. Jury and T. Pavlidis.

quarterly progress rept no. 4) (Sponsored jointly by [1962] [51p Incl. refs. (AFOSR-JI288) (AFAFOSR-

Air Force Office of Scientific Research, Army Research 62-70) AD 424359 Unclassified

Office (Durham). Office of Naval Research, and StAEal
Corps under AF 49(63e)1043) Unclassified Also ite in 1. EMaE.6E. Tram. on Circuit Theory,

v. CT-1_0: 13'7-41, Mar. 1963.

Some of the topics discussed in this report are: circuits
(time varying networks, harmonic oscillators), micro- Analytic tests of stability are applied for systems de-
wave electronics and plasras (fast wave, electron sign. The continuous system for the general case is
stream interactions, plasma mAgnetrons), radiation and discussed in detail and the corresponding critical con-
propagation (frequency-Independent antennas, surface straints for stability for the discrete case are derived.
wave studies), solid-state electronics (photovoltaic 'Me critical constraint for aperiodicity for both continu-
effects, tunneling phenomena), system theory (optimal ous and discrete cases are also obtained. The examples
control, studies of Boolean function.'), and bioelectronics show the methods mn be extended to higher order sys-

(electrophystologlial properties of cortex). tems.

356 359

California U. Electronics Research Lab., Berkeley. California U. [Electronics Research Lab.] Berkeley.

NOTES ON SYSTEM THEORY, VOLUME II, Feb. 15, A LITERATURE SURVEY OF BIOCONTHOL SYSTEMS,
1962, 123p. incl. diagr.. (Series no. 60; Issue no. 436) by E. I. Jury and T. Pavlldis. [1962] 18p. incl. diagrs.
(AFOSR-3184) (Sponsored jointly by Air Force, Air refs. (AFOSR-J1602) (AF AFOSR-62-7-0; AF AFOSR-
Force Office o Scientific Research under AF APOSR- 63-117) AD 427624 Unclasifled
62-70 and AF AFOSR-62-540; National Science Founda-
tion and Office of Naval Research) Unclassified Ao published in . R. E. Trans. on Automatic Control.

v. AC-6:. 210-217, July 1963.

The purpose of these notes is twofold: first to provide
an auxiliary publication medium for short contributions Review of the various aspects of biological conLol
for research in systems and related areas; second, to systems and their relation to feedback theory Is pre-
contribute to the development of system theory as a sented. To systematize the study of biocontrol svstems,
basic scientific discipline. Some of the topics discussed the material Is classified into the following topics:
are: analysis of p-tary tIase Ae, te -a*. fi-n-Ai- (1) general human operator dynamica; (2) neuromuscular
distinguishing sequences, binomial coefficients, stabUilty systems; (3) eye dynamics; (4) respiratory and circula-

determinants In linear discrete systems, boundedness tory systems, (5) biological process control; and (6) cen-
of motions, Ailerman's conjecture for third-order sys- tral nervous systems and brain. Each of the above
tem, autocorrelation and crosscorrelation functions of topics is Fammarily discussed and separately documented

complete recurrent sequences, and a note on lumped with the pertinent hterature and research activities.
time invariant systems. In the conclumon, the connection between the recent

theoretical work In feedback control and the problems
of biocontrol systems is discussed. It is hoped that

357 with this survey a new burst of research activities on
the part of control scientists in the challenging field of

California U, Electronics Research Lab., Berkeley. biocontrol systems will be materialized. (Contractor's
abstract)

PROOF OF A GENERAL RELATK)NSHIP USED IN
TTHE STABRLITY TEST OF LINEAR DISCRETE SYS-
TELMS: AN ADDENUM TOI A SIMPLIFED CRITEWION 360
FOR LINEAR DISCRETE SYSTEMS AND ON THE ROOTS
OF A REAL POLYNOMIAL INSIDE THE UNIT CIRCLE California U, [Electronics Research Lab. ] Berkeley.
AND A STABILITY CRITERION FOR UNEAR DISCRETE
SYSTEMS, by E. I. Jury. [19611 [1]p. (Series no. 60; THE OPERATIONAL SOLUTION OF DIFFERENCE-
issue nos. 373 and 425) (AFOSR-4796) (AF AFOSR- DIFFERENTIAL EQUATIONS USING THE MODIFIED
62-70) AD 285176: AD 408584 Unclassified z TRANSFORM, by M. A. Pat. [1962] 

12]p. tncl.
diagr. (AF AFOSR-62-70) Unclassified

For abstract see item no. 1302. Vol. VSPublished in I. R. E. Trans. on Automatic Control.
v7 AU-X7: T4-125, Oct. 1962.

In this communication the usefulness of modified z
transform has been demonstrated in solvIng linear
constant coefficient difference-differential equations.
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It is particularly uset & In calculating transient re- 363
sponses of continuous systems having time delays. this
method avo.ds having tb evaluate roots of transcendental C.idornta U., [Electronics Research Lab. J Berkeley.
equations. This methfrd can be easily extended to sys-
tems having more than one but otherwise commensurable COMMUNICATION SYSTEMS OF CHANNELS WITH
time delays. BOUNDED NONDECREASING COSTS PER U.T OF

INFORMATION FLOW, by 1. T. Frisch. [19621 [5Jp.
incL diagra. refs. (AFOSR-JI397) (Sponsored jointly

361 by Air Force Office of Scientific Research, Army Re-
search Office (Durham) and Office of Naval Research

California U., Electronics Research Lab. I Berkeley. under AF AFOSR-62-340? AD 428357 Unclassified

MINIMUM PERIOD OF OSCILLATION OF TUNNEL- Also published in I. E. E. E. Trans. cn Commun.
DIODE OSCILLATORS, by R. S. Pepper. 19621 [7p. Systems. v. CS7-1:. 36-40, Mar. 1963.
incl., diagra. tables, refs. (AFOSR-3370) (Sponsored
jointly by Air Force Office o Scientific Research, Given a c-ommunlcation system of stations and capacitated
Army Research Office (Durham), and Office of Naval channels mn which there it associated with each channel
Research under AF A.OSR-62-340; Unlassified a boundet nondecreasing cost per unit of information

flow, flob patterne are found that maximize the Informa-
Presented at Western Electronic Show and Convention, tion rate etwveen a given pair of terminal statInns at
Los Angeles, Calif.. Aug. 21-24, 1962. minimum 3ver-all cost. (Contractor's abstract)

Ao publtsh.d In I. E. E. 1R. Trans. on Circuit Theory,
. CT-? 6--6, Mar. 1963. (T1tle varies) 364

Cofisideradon is given the general problem of determining California U. [Electronics Research Lab. ] Berkeley.
the condi Ions to achieve the Litnimurn period of oscilla-
tion, regardless of w&7e-shkpc, for simple electronic FUEL OPITMAL CONTROL FOR PULSE-AMPUITUDE-
oscillators. In particular, emphasis is placed on the MODULAT.D TIME-INVARIANT FAMPLED-DATA
general nilnimum period prob:-em for the tunnel-diode SYSTEM, lty C. T. Lee and C. A. Desoc:. [1962] [191p.
oscillator having a series Inductive- rests -vt. load. The incl. diagr. (AFOSR-64-0314) (Sponsored jointly by
minimum period of oscillation s established by varying Air Force Office of Scientific Research, Army Research
the load's parameters. Varlou.i nonlinear analysts tech- Office (Durham), and Office of Naval Research under
niques show that the minimum ptrlod of oscillation Is AF AFOSR-62-340) Unclassified
never obtained for a harmonic mide 11 oscillation. It
is shown that the minimum perlur. of oscillation Is ob- Also publist ed in Jour. Electronics and Control,
aiced by -. ng a14 resistance approximately .qua, to v. 15: 3634WT-Oct. 1963.
zero and no externally added indu:tfnce. The recults
are conrlrmed ty experiment. T:e conditions are also Given a lineir time-invariant sampled-data system de-
given for determining whether the tunnel diode will scribed by I AX - BUi , where X is the
operate as a soft oscillator, hard oscillator, or be truly K * 1 + I * XK
bistable. state-vector at the Nth sampling instant, UR I the

control vectr, and A, B are n x n and n x r constant

362 matrices, a d a number N of sampling periods, the
problem is lo find a sequence of control vectors that

California U Electronics Research Lab., Berkeley. brings the sate to the origin in N sampling periods or
less with th, least consumption of fueL The fuel

STABIUTY OF A CLASS OF DISCRETE CONTIOL consumptior is defined by

SYSTEMS CONTAINING A NONLINEAR GAIN ELE- N r u
MENT. by S. Kodama. [1962] [81p. Incl. diagrs. tables, I F 1 . For unbounded controls, this
reds. (AFOSR-J1008) (Sponsored jointly by Air Force

Office of Scientific Research, Army Research Office problem is iolved. and the optimal feedback is de-
(Durham) and Office of Naval Research under AF AFOSR- scribed. F3r bounded controls, we establish general
62-340) Unclassified properties f the optimal control but find the feedback

only for a single input second-order system. (Con-
Presented at Joint Automatic Control Conf., New York, tractor's abstract)

June 1962.

Also published in 1. R. E. Trans. on Automatic Control,
v. A-Ct I02OI0 Oct. 1962. 365

For abstract see Item no. 290, VoL V. California U. [Electronics Research Lab. ] Berkeley.

OPTIMUM ROUTES IN COMMUNICATION SYSTEMS
WITH CHANNEL CAPACITIES AND CHANNEL RELIA-
BILITIEV. by I. T. Frisch. [1962] [5]p. Incl. diagra.
(A POSR- 64-0322) (Sponsored jointly by Air Force
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Office of Scientific Research, Army Research Office by S. C. Gupta and L. Hasdorff. 11962] [t]p. (Spor,-
(Durham), and Office 61 Naval Research under AF sored jointly by Air Force Office of Scientific Research,
APOSR-62-340) Unclassified Army Research Office (Durham), and Office of Naval

Research under [AF AFOSR-62-340]) Unclassified
Also published in I. E. E. E. Trans. on Commun. Sys-
tems, v. CS-1:, 241-245, June 1963. Published In Jour. Electronics and Control, v. 14:•33 M-F-W. 1963.
Given a communication system in which each channel
has associated with It a channel capacity: (I) If there For a linear system with real poles, 2 problems have
is assocLated with each channel a probability of correct been studied. (1) achieving a desired state from ground
transmission for each character sent, find the route state in minimum time, and (2) achieving maximum
between a given pair of stations which maximizes the distance from the origin (ground state) when the excita-
Information rate with the probability of correct character tion is magnitude limited. Since the state of a system
transmission over that route not less than. some pre- can be changed in zero time using the impulse-function
scribed minimum; (2) If there is also aoated with and its derivatives, the impulse fiaiction Is approximated
each channel a probability of the channel being operative, by normal function and the above problems a-e attacked
find a route between a given pair of stations of maximum using this normal function and itti derivatives. This
information capacity with the probability of the route method shows to what degree the impulse function re-
being operative not less than some minimum level; sponse can be approximated using this type o: excitation
(3) U there is also associated with each channel the and shows the practicality of this type of input.
probability of the channel being occupied, find a route (Contractor's abstract, modified)
between a given pair of stations such that the information
c•pacity is maximized with the probablity of each chan-
tel being unoccupied not less than some minimum level. 368
Algorithms are developed for finding routes between a
given pair of stations, with maximum capaity d %4!th California U. [Electronics Research Lab. I Berkeley.
reliability not less than some prescribed minimum
value. (Contractor's abstract, modified) THE DETERMINATION OF LYAPUNOV FUNCTIONS

WHICH VERIFY AIZERMAN'S CONJECTURE (Ab-
stract), by 1, J. Williams. [1962] [2]p. (Sponsored

366 jointly by Air Force Office of Scientific Research,
Army Research Office (Durham), and Office of Naval

California U. [Electronics Research Lab. ] Berkeley. Research under AF AFOSR-62-340; and Air Research
and Development Commtnd) Unclassified

LINEAR TIME VARYING G-C NETWORXS: STABLE
AND UNSTABLE, by C. A- Deaoer and A. Paige. A direct procedure for the determination of Lyapunov
[1962] [li]p. incL dtagrs. tables. (AFOSR-64-0326) functions which verify Aizerman's conjecture concern-
(Spoubored jointly by Air Force Office of Scientific Re- tig the stabilttf of nonlinear systems is presented. This
search, Army Research Omnce Wurnam), and Office pro "_ V - d ,- , -- •;- - .un .1 -c
of Naval Research under AF AFOSR-62-340; and Lur'e type which will accomplish this result for a par-
National Science Foundation) AD 435906 ticular system if a function of this type exists. The

Unclassified problem of determining the Lyapunov function is reduced
to that of determining the function for a family of linear

Also p~bished in I E. E. E. Trans. on Circuit Theory, systems. It is shown that the derivative of this function
v. T-101 -19C, June 1963. must satisfy certain constraints in order to be a suitable

Lyapunov function for this family of linear systems.
The stability of linear time varying conductance- These constraints require the derivative of the Lyapunov
capacitance networks was studied. Several sets of function to be zero along specified vectors determined
sufficient conditions for their stability are given. In from the dynamics of the linearized system. The de-
particular, instability can occur only if both the G ma- rivative of the Lyapunov function Is constructed incor-
trix and the C matrix are time varying. In the limit of porating these constraints which considerably reduces
very large pump frequencies, the stability of periodic the number of parameters to be determined. The ele-
ptecewise constant networks Is determined by a simple ments of the Lyapunov function itself are found by solving
relation. The design of unstable G-C networks is ex- a set of linear algebraic equations. This procedure Is
plained and illustrated by two ezamples. In the second a direct process by which the Lyapunov function can be
example, the q vector (whose components are sums of found Itf it exists without resorting to trial and error
charges on condensers in certain cut sets) has compo- methods and consequently is well suited for application
nents that behave like sine waves modulated by Increasing to third and higher order systems. Several third and
exponentials. (Contractor's abstract) fourth order examples are presented to demonstrate this

procedure. (Contractor's abstract)

367
369

California U. [Electronics Rc.earch Lab. I Berkeley.
California U, [Electronics Research Lab. ] Berkeley.

CHANGING THE STATE OF A LINEAR SYSTEM BY
USE OF NORMAL FUNCT1ON AND ITS DERIVATIVES, LIMITATIONS ON THE TRANSIENT RESPONSE OF

POSITIVE REAL FUNCTIONS, by R. A. Rohrer.
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1 .-162] [2p. incl. diagr. (Sponsored jointly by Air nets based closely on the theory of single-element-
Force Office of Scientific Research, Army Research kind but not necessarily linear networks. The potential
Office (Durham), and Office of Naval Research under ability of networks to minimize some form of losses
A F AFOSR-62-340) Unclassified is applied to define an optimal operation of communt ca-

tion nets. The new element introduced in this apprtach
Published In I. E. E. . Trans. on Circuit Theory, is that It is capable of distributmng the flow throughout
v. CT-10: 110-111, Mar. 1963. the network by taking Into account both the network

topology and the capacities of individual edges. The
Restrictions on the impulse and step responses associ- method may be applied to rathr.r general situations, such
ated with positive real network functions have been as simultaneous multi-node-p~tir communication with
previously discussed. It is possible to obtain a further some relative priority weights attached to different
set of simple limitations which apply to the even-order pairs. On the computational side it shows a systematic
transient responses of networks characterized by p. r. way leading to the solution which may be programmed
functions, The transient responses of a system can be on d digital computer. (Contractor's abstract)
simply designated by h (t)

k k
1 2 r J 6S H(s)ds, where h (t) is the Impulse response, 372

c 0
Sthe step response. The cosine inequalities intro- California U. F.lectronics Research Lab. J Berkeley.

duced by Zeemanian to bound the frequency attenuation
for filters with monotonic step response, may be applied RELAXA7TON OSCILLATION NEAR THE THRESHOLD
he.-e to obtain restrictions on the even-order transient OF INSTABILITY IN YTTIUM RItION GARNET, by S.
resoonse associated with p. r. system functions. Wang and G. E. Bodway. [1962] 13)p. incl. diagrs.

(Bounr.d with its AFOSR-5509) (Sponsored jointly by
Air Force Office of Scientific Research, Arm7 Research

370 Office (Durham), and Office of Naval Research under
AF AFOSR-62-340) Unclassified

California U. [Electronics Research Lab. ] Berkeley.
Published in Jour. Appi. Phys., v. 33: 3526-3528,

MACHINE INDEPENDENCE IN COMPILING, by H. D. Dec. 1962.
Huskey. 11962) [101p. (Sponsored jointly by Air Force
Office of Scientific Research, [Army Riesearch Office Coherent low-frequency relaxation oscillation in the
(Durham)] and Office of Naval Research under [AF amplitude o.' the z component ot magnetization and the
AFOSR-62-340]; and Bell Telephone Labs.) imaginary part of susceptibility has been observed in

Unclassified YIG at a microwave power level slightly above the
threshold of instability. The relaxation time associated

Published in Symbolic Languages in Data Processing, with the dniform mode has also been measured. The
Proc. of Symposium, Rome (Italy), Mar. 26-31, 1962. condition for coherent relaxation oscillation depends
New York, Gordon and Breach, 1962, p. 219-228. critically on the magnitude of the dc magnetic field.

The low-frequency oscillation is interpreted to be the
Tro schemes have been described. The ltirst is a 3- or beat of 2 high-frequency components due to a split in
4-stage (conceptually) processor in which only the last the frequency of the k spin wave wi * 'k" It is also
stage is essentially computer dependent. In converting believed that the period of oscillation is controlled by
to a new computer, parts of the last stage (assembly the relaxation time associated with the uniform mode.
program) must be hand modified. In the second &cheme (Contractor's abstract)
a subset of ALGOL with extensions is used to describe
the translators and other processors. The translator
for this simpler system must be hand modified for a 373
new computer system. The system is stfficiently simple
so that this modification consists of changing tables and California U. [Electronics Research Lab. I Berkeley.
input-output routines.

EXCHANGE NARHOWED ESR ABSORPTION LINES
AT LOW AND INTERMEDIATE FREQUENCIES, by J.

371 R. Singer. [1962] [5p. incl. diagrs. tables. (AFOSR-
64-2328) (Sponsored jointly by Air Force Office of

California U. [Electronics Research Lab. ] Berkeley. Scientific Research under AF AFOSR-63-117 and Army
Research Office (Durham)) Unclassified

AN OPTIMAL OPERATION OF COMMUNICATION NETS.
by I. Cederbaurn. [1962] 1121p. ncl. diagrs. refs. Also published in Paramagnetic Resonance; Proc. of
(Sponsored joittly by Air Force Office of Scientific Re- the First Internat'l. Conf.. Jerusalem (Israel) (July 16-
search, Army Research Office (Durham), and Office 20, 1962), New York, Academic Press, v. 2: 577-
of Naval Research under AF AFOSR-62-340) 581. 1963.

Unclassified
The electron spin resonance absorption spectra of DPPH

Published in Jour. Franklin Inst., v. 274: 130-141, recrystallized from benzene, acetone, methyl ethyl
Aug,. 1962. ketone, and selected other ketones were studied at vari-

ous frequencies from 30 mc to 9 kmc with c.rresponding
An approach is presented to analysis of communication magnetic fields from 10 to 3200 gauss., Shifts in g-values
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va power input and vs various solvents are tabulated. 375
The DPPH recrystallized from ketone solutions was
found to have a much narrower line than normal DPPH California U. Inst. of Engineering Research, Berkeley.
similar to observations from DPPH rfcryst~llizea from
chloroform solutions. One explanatlos, for this stringy INTERFEROMETRIC OBSERVATION OF FLAME
narrowed line is that DPPH recrystallized from benzene ACCELERATION IN AN EXPLOSIVE GAS, by A. J.
incorporates additional benzene rings into 0ie lattice Laderman P. A. Urtiew, and A. K. Oppenhelm. Feb.
resulting in a decrease in the overlap of the Blectron 1962 [501p. incl. illus. diagrs. tables, refs. (Technical
wavefunction and a decreased exchange Interaction. The note no. DR 12) (AFOSR-2191) (AF 49(638)166)
OPPH recrystallzed from the ketones tsa greater ovcr- AD 273684 Unclassified
lap of the wavefunction and a stronger exchange interac-
tion. In addition, however, the lIne 5hapes of some of Flash photographs of the transition from deflagration
the crystals indicate a mixture of absorption spectra. to detonation were obtained by means of the Mach-
This is borne out by a shift In the g values of these Zehnder interferometer. Experiments were performed
crystals, and an Interesting variation of line width with using stoichiometric hydrogen-oxygen mixtures In a
r-f tout power. At different field strengths and ESR 1.0 by 1. 5 in. detonation tube with 3 methods of ignition:
frequencies, the ratios of the line widths between the spark discharge, pilot flame, and glow coil. In all
ketone and benzene recrystallized DPPH change. In cases the ignitor was located at the closed end of the
addition, the non-symmetrical line shapes indicate the tube. For each set of operating conditions, a series of
possibility that the recrystallization occurs In several flash interferograms were taken, I on each experiment,
forms from the standpoint of the spin resonance absorp- which were pieced together on a single time-space
tion spectra. (Cuntractor'a abstract) plane to yield a cinematographic representation of the

process. The individual interferograms revealed con-
siderable Information on the shape of the flame front

374 and on the structure of the reactinn zone, while the
sequence of photographs yielded an insight into the break-

California U. Inst. of Enginecring Research, Berkeley. down of the combustion front from a laminar to a turbu-
lent flame. (Contractor's abstract)

EXPEIJMENTAL STUDY OF INITIAL FLAME
ACCELERATION IN A SPARK IGNITED EXPLOSIVE
GAS, byA, J. Laderman, P. A. Urtiew, and A. K. 376
Oppenheim. Feb. 1962 1371p. incl. Illus. diagrs. refs.
(Technical note no. DR 11) (AFOSR-2190) (AF 49(638)- California U. [Inst. of Engineering Research] Berkeley.
165) AD 27298Q Unclassified

THE ONSET OF RETONATION, by A. K. Oppenheim,
The influence of tme geonetry of Ignition on the initial A. J. Laderman, and P. A. Urtiew. f1962] 151p. incl.
flame acceleration in * ark ignited, stoichlometric Illus. diagrs. table. (AFOSR-J1081) (Sponsored jointly
hydrogen-oxygen mtxh'.. ts was investigated. Observa- by Air Force Office of Scientific Research under
tions were made .masg schlieren photography with AF 49(638)166 and National Aeronautics and Space Ad-
simultaneous pressu~re measurement In the vicinity of ministration) AD 420933 Unclassified
the ignitor. Distance between ti-e point of ignition and
the closed end (backwall) of the tube was varied over the Also published in Combustion and Flame, v. 6: 193-197,
range of limiting cases where (1) the flame was In con- Sept. 1962.
tinuots contact with the backwall to where (2) the flame
contacted the sidewalls of the tube before reaching the The purpose of this paper is to report on optical observa-
backwalL It was found that flame acceleration increased tions made recently that seem to unravel some of the
with increasing backwall distance until condition 2 was mysteries still surrourding the formation of detonation
satisfied, after which further incre.ae in backwall dis- in a gaseous medium. The onset of the retonatton wave
tance had no effect. The slower flames associated with in a stotchiometric hydrogen-oxygen mixture contained
the smaller backwall distances were attributed to heat in a I x 1. 5 In. tube has been observed by means oV
losses to the hackwall. Experimental results were schlieren streaks and Instantaneous photographs. Some
interpreted by analysis in which the 3 dimensional flame interesting details of transverse oscillation character-
was considered to act as an equivalent plane flame. istics of spin which accompany this even have been re-
Flame acceleration and pressure history computed in vealed. Experimental record have been interpreted by
this manner for cases I and 2 were in fair agreement means of a wave dynamic analysis to determine the
with experimental ohservations. The total heat loss tu state of the medium where the oscillations are set in.
the backwall for case I was estimated to be approximately Their frequency has been found to be in agreement with
15% of the total heat release by chemical reaction, or the eigenvalue solution of the linear wave eluation. It
0.7 cal. (Contractor's abst-act) appears that the process has been initiated by a point

explosion that is preceded by a deflagrative implosion.
In this respect the phenomenon bears an interesting
similarity to high frequency combustion Instabtlitie. in
rocket thrust chambers, promisitg thus to serve as a
useful tool for the study of their phystcochemical aspec,.
(Contractor's abstract)
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377 became independent of the distance of the point of
ignltion from the backwall. Experimentil results were

California U. [Inst, of Engineering Research] Berkeley. tnterp. eted quite satisfactorily by means of a one-
dimensional gas wave dynamic analysis, demonstrating

DETERMINATION OF THE DEtONATION WAVE a significantly larger dependence of the flame accelera-
STRUCTURE, by A. K. Oppenieim and J. Rosciszewski. tion process upon the normal burning velocity than on
11962] [18p. incl. diagrs. tables, refs. (AFOSR-J1086) the net amount of heat released per unit mass. (Con-
'Sponsored jointly by Air Foi ce Office of Scientific Re- tractor's abstract)
search under AF 49(638)166 and Natioaal Aeronautics
.,nd Space Adminitstration) AD 420688 Unclassified

379
Also published In Ninth Sy.nposium (Internat'l.) on
Combustion, Cornell U., Ithaca, N. Y. ýAug. 27- California U. Inst. of Engineering Research, Berkeley.
Sept. 1, 1962), New York, Academic Press, 1963,
p. 424-441. ON THE GENERATION OF A SHOCK WAVE BY

FLAME IN AN EXJCPLOSIVE GAS, by A. J. Laderman,
In order to investigate the ,nfluence of transport proper- P. A. Urtiew, and A. K. Oppenheim. [1962j 1101p.
ties on the coupling between the shock and deflagration incl. illus. diagrs. table, refs. (AFOSR-JI088)
that way occur in a Fteady, plane detonation wave, the (AF 49(M38)166) AD 420649 Unclassified
structure of the laminar detonation wave in ozone has
been determined for 3 fundamental models: the coupled- Also published in Ninth Symposium (Internat't.) on
wave, the von Neumann-DOring- Zeldovich model, and Combustion, Cornell U.. Ithaca, N. Y. (Aug. ?7-
tMe decoupled deflagration wave. The results have been Sept. 1,. 1962), New York, Academic Press, 1963,
compared from th point of view of the approximation p. 265-274.
proposed by Spalding. The validity of the continuum
treatment has been checked by evaluating the vaxiation This paper provides experimental as well as theoretical
throughout the wave of the average number of inter- proof that a LAminar flame can generate a shock front
molecular collisions per molecule of product. It appears quite early in the course of its Initial acceleration. The
from this.that, although the theory may not be real's- flame at this stage of the process is wrinkled laminar.
ttcally close to the hot boundary, it is certainly quite and it propagates at a velcity which is only a few times
reasonable ir. the regime of coupliag between the shock larger than the normal burning speed. However, no
and deflagration- the primary object of the investiga- mechanism other than the break-up of the flame front
tlion. In conclusion it is contended that only a thorough into a cellular structure is necessary for this purpose,
understanding of the so-called laminar wave structure nor as it observed. (Contractor's abstract)
can provide proper basis for the assessment of the
effects of turbulence and other time dependent and multi-
dimensional phenomena that may accompany the detona- 380
tlion process,

California U. [Inst, of Engineering Research] Be.-keley.

378 SHOCK INTERACTION WITH AN ELECTHOMAGNETIC
FIELD, by J. Rosciszewski and A. K. Oppenlieim.

California U. [Inst. of Engineering Researchj Berkeley. '19621 [101p. incl. Illus. diagrs. refs. (AFOSR-J1093)
(AF 49(638)166) AD 421118 Unclassified

EFFECT OF IGNITION GEOMETRY ON INITIAL
FLAME ACCELERATION IN A SPARK IGNITED EX- AMso published in Phys. Fluids, v. 6: 689-698, May
PLOSIVE GAS, by A. J. Laderman, P. A. Urtlew, and 13.
A. K. Oppenhelm. [1962] [lllp. incl. t~les. diagrs.
refs. (AFOSR-JI087) (Sponsored Jointly by Air Force The interaction between a traveling shock wave and a
Office of Scientific Research under AF 4N(638)166 and stationary magnetic field is analyzed for the simplest
National Aeronautics and Space Administration) case of 1-dimensional flow across a rectangular systf a
AD 420643 Unclassified of a magnetic and an electric field, while the flowing

substance is a plasma of finite conductivity but associ-
Alsp2ublished in Combustion and flame. v. 6: 325-335, ated with a sufficiently small magnetic Reynolds number
Dec. 1962. to render the induced magnetic effects negligible. The

acceleration of the shock wave produced by a constant
The Influence of the geometry of ignition on the initial electric fi-ld applied across the duct walls in the pres-
flame acceleration in spark ignited, stoichlometric ence of a perpendicular magr -tic field as well as Its
hydrogen-oxygen mixtures at n. t. p. was investigated attenuation due to a distributed system of outside re-
experimentally. Observations were made using sistances connecting a series cf electrodes on the side-
schlieren photography with simultaneous pressure meas- walls of the duct, have been ca!ct~ated by quadratures.
ur.ments in the vicinity of the igniter. It was found that The flow field behind the wave has been determined by
flame acceleration increased when : ie distance beteeen means of a perturbation technique whost- validity is re-
the Ignition source and the backwall became large. stricted to cases of small Lorentz forces and moderate
provided that the flame was In continuous contact with Joule heating effects. To gain more familiarity with
the bac•kall. When the ignition source was extended the interaction process a hydraulic analog is proposed,
farther into the tube so that the flame contacted the based on the use of a piston driven, free surface, mea.
sidewalls before reaching the back end, its acceleration cury channel. In this ronnection, a general solution is
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consequently obtained for the Interaction of a hydraulic backed instrument. Measurements at several positions
Jump traveling In a conducting liquid with a vertical mag- along the detonation tube indicate that the time variations
"ntic field in the presence of ai horizontal electric field, of the local heat transfer rates to the wall are nearly
(Contractor's abstract) identical throughout the development of deto-ation.

In addition, since the gauge responds to both &,hocks and
flames, it represents a promising method for studying

381 the development of the pressure wave preceding the

California U. fInst. of Engineering Research] Berkeley.flm unthtrsionodenao.

MEASUREMENT OF PRESSURE FIELD GENERATED) 383
AT THE INITIATION OF EXPLjOSION, by A. J.
LAderman, P. A. Urtiew. '-nd A. K. Oppi'nhelm. 11962) California U. flnbl, of Engineering Research) Berkeley.
14]p. incl. Illus. diagra. (AFOSR-Jl149j (Sponsored
jointly by Air Forzn Office nf Scientifc Research under SOUD PHOPELLANT DRIVEN SHOCK TUIBE, by J.
AF 49(=3)160 ano Nations1 %eronautics and Space Ad- Rosciszewski. f 196121 2p. Incl. diagr. (AF 49(638)-
ministration) AD 423126 UnclIassifIed 166) Unclassified

Also pulishedin Symposium -3n Measurement in Un- Published in ABS Jour., v, 32: 1426-1427, Sept. 1962.
steady Fow, Worcester, Mass. (May 21-23, 1962),
New York, American Society of Mechanical Engineers, A simple analysis of solid propellant driven shock tube
1962, p. 323. is presented, and comparison with piston and combustion

driven shock tubes is given. The analysis of the in-

Arecord obtained by the use of a piezo- electric pres- fluence of specifIce heat ratio on velocity of sound behind
sure gauge, -,.obbtantlated with: a schlieren photograph, the reflected shock wave is included. (Contractor's
permits a complete determination of the pressure field abstract)
an expl-mion. 'Th* experiments were performed ina
detonation tube of I" x V-* rectangular cross-section 384containing a stolchtometric mixture of hydrogen andoxygen. By corltn igepesr eodwitli California U. Inst. of Engineering Fessearch, Berkeley.a elm-Wtaneously obtained scl~leren streak photograph,the chrce ite:- etpesr -oteobserved 513)011 WAVE STRUCTURE IN PARTIALLY IONIZEDaha o naceertn faeis esalse sone GASES, by M. S. Grewal. Doctoral thesis, May 1962

coresonin t a imlewae.Theprpetyofthis [67 1p. inc. tllus. diagro. refs. (Rept. no. liE-1SO-
waei hnused to trnfrnthe mauetievaria- 198; series no. 13Z Issue no. 5) (AKISR-24-49)

toofpressure at a fixed section in the tube to the (AF 49(638)502) AlD 277603 Unclassfilod
dlitrbi~onofpressvre in space at any time. Cn itts

ass hvartatton of the pressure profile with timt P .ýo "ablIed !n Jour. Fluid. Mech. , v. 16: 273-
adtecollapse of the pressure fan into a shack wave Vi4,Aiý7T63

to tace indetal. Conracor'sabsra-t) he strLcture of a shock wave In a partially ionized
ps, which is In thermal nion- equilibri=u ahead of the

382 shock wave, is investigated, A method is developed to
,'olve this problem by separating it into 2 parts. Forst

Caiori iU Tst, of EgneigRsac Berkeley. the structure of the slntck wave associated with the mtx-
tnre of iops and atoms, which are assuried to behave

THN IL TERG;ERYZNDEONTINRE- ulike through the shock transition, Is taken to be of the
SEARCH, by A. J. Laderman, G. J. Hecht, and A. K. Moti-Smith form. Then the behavior of electrons as they
Oppenbelm. [19611 fSlp- Inl.fi".di. (Spontsorcd pass through this ion-atom shock is analy~ted. Using this
jointly by Air Force Office of Scientific Research under method, calculations are made for the shock wave struc-
AF 49(638)166 asid National Aeramzutic~,p 3nd Space Ad- ture in partially ionized argon for Mach numbers equal
ministration) Unclass-ified to 8, 10 and 12, and for the values of the electron-Ion

'temperature ratio ahead of the shock wave equal to 3, 5
Published in Temperature;: Its Measuren2*e' I tp C,'Tsttol and 8. An essential feature of the shock profileip is found
in Science and Industry, a Syrnp-sium, 'ZL±ius, Oatoo to be the existence of a broad zone of elevated e~ectroit
jMar. 77-31. l9l:1), ed. 1w A. L. Dahl- Nr r Y-jk, temnerature ahead of the electron compression region,
Reinhold Publizhing Corp., v. 3 (pt. 2):ý ý43-E94i. 1962- caused by high thermal conductivity In the electron gas.

The present work concerns the devc'cpmt-' of' thin film 385
resistance thermoweters for the mith lteL-ent cf d..tora-
tion velocities, shock and flame ~ec iti'n the pr ~- California U. Inst. of Engineering Research. Berkeley.
detonation regime, and the local heat transfer rat, to
the walls of the detonation tube. Construction ceataiis of TRANSITION FLOW (A SURVEY O)F EXPERIMENTAL
a thin film *'esstanee thermometer which utilizes a R.ESULTS AND METHODS FOR THE TRANSITION
ceramic backing rather than glass or quartz are de- REGIONS OF RAREFIED GAS DYNAMICS), by F. S.
scribed. Performance of the thermometer is shown to
compare favorably with that of the glass- or quartz-
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She~rman Aug. 15, 1962:~63;p. Incl. dtagrs. refs. C. M4. Popplewell. Amnsterdami. North-Hollazi'
(Rept. no. HE-150-201; series no. 132, issue no. 7) Publishing Co., 1963, p. 498-502.
(APOSR-3984) (AF 49(638)502) AD 284480

Unx-hass' ed T~his paper describes ita slpllfled version of the trans-
lator portion of a 3-stage compiler, which handies

A survey of exqpertmentAl data in the transition regime virtually all ALAG)L 60 statement3 of a static nature,
of rArefted gas dynamics utilized to indicate the status not involving lists of recuirsiveness. The output is a
of present e~erimentai and theoretical capabilities and machine-Independent Intermediate lan~ug, destgL'ed
some area~s of interest for future research. Successful for efficient assembly Into the partic-ilar langwWg of
correlation technique for subsonic transition flow data any Individual computer, The translator is aware, at
is given. The limitations of low-density wind tunnels are any given moment, of no more than 4 entities from the
discussed and a suggestiun for free-jet testing as a source language. There Is neither back-up nor look
metans of achle-.ing higher Mach numbers and lower ahead. Tr-.nslation occure through the use of a push-
Reynolds numtbers wit th ut excessive boundary- layer diffi- down list of onerators and aasocia "d addresses, the
cultites Is put forth, Several cheracteristics of ai~sym- process bei:g governed by a comparison of the streft!!ths
mietric Jets issuing from sonic )rifices aie reviewed of th'e ope;-ators. This comparison Is mina~ly eff'-ted

inthis context. Finally. a few sele-cted Irstrumentation by the numerical relationship of the internal represents-
problemis are reviewed and a plea Is made for certain tions of the operators, and usually occ--rs without having
technological advances which wculd greatly7 ease the to de.ermine the identity of either operator. The opera-
burden of the rarefied gas e.Verimentalist. (Contrac- tion part of a command Is normally generated by auto-
tor's abstract) matic manipulation off the responsible operator, again

making it unnecessary to id- itify the operator. The
complete ordering, representation, and placement lists

j3 . on which automation of the process depends are given
anot the algebraic system is developed in detail. (Con-

California Cý. linsi. of Engineering ltesarchj Berkeley. tractor's absti-act)

SPECTRO3SCOPIC STUDY OF RECOMBINATION IN A
He PLASMA (Abstract). by F, Robben. (19621 p.388

'A Y 49(38,.62)Uncassiied California U, [Inst. of Enioneering Research] Berkeley.
Prerented at metting of the Amer. Phys. Soc.,
Atlantic City, N. J., Nov. 28-Dec. 1, 1962. SUYPERSONIC FLOW PAST WEDGES OF VARIABLE

ANGLE, by U4. Holt and B. YIM. 119621 [131p. Inc.
l'unlished in Bull. Amer, Phys. Soc., Series 11, v. 8: dlagirs. tables. (AFO0SR-3139) (In cooperation with
163._Feb_. 28, 1963. BrownU., Providence, &. 1.) (AF 49(638)232 an

AF AFOSR-62-277) AD 413747 Unclassified
Recent work on ion-electron recombination has shown
that a collisional- radiative 'nechanism leads to values Alopbihdin Proc. Fourth U. S. Nat'l. Cong.
of the r-ecombination rate in good agreement with experi- ApI ehCalllornta U., Berkeley (June 18-21,
ment. Absolute- Intensity measurements have been made 1962), New York, Amer. Soc. Mech, Engineers, v. 2-
of all the lines of He emitted from a recombining plasma 1301-1313, 1962.
in the visible and near ultraviolet, from which the number
den~sities of the v-.rious exclied states of Hie have been Th-e problem of supersonic flow past a double wedge
calculAted. These measurements are In excellent agree- wing of constant chord awnd thickness varying along the
ment with the ceilllsional- radiatIve mechanism, and lead span is considered. The major part of the paper Is con-
to values for the collisional d&-excitation rate of an ex- cerned with the flow field near the for ward faces. This
cited He atom, which is in. good agreement with semi- Is a small rotational perturbation of uniform flow and
classical calculations of the cross sections. The plasma the additional pressure satisfies the wave equation. The
is venerated vy passing Hie through a t1 z%- current elec- solution determining this flow field is derived in 2 cases
tInc are, and then expanding It ir - :jw-detsity wind corresponding to a variation of maximum thickness which
tunnel. The fractional ionizatiton of the plasma is about is (a) linear, (b) sinusoidal in the spanwise coordinate.
2 --, and the electron densities are in the range of The flow problem near the forward faces can be reduced

10 13 per cm3 to that of finding the function defining the departure of the
shock surface from its plane, 2-dimensional form (car-
responding to a wedge of unifeim thickness). In case

367 (a) It Is shown that the shock surface Ia wedge-like with
a thickness proportional to that of the solid wedge. In

CAlifornia U. [lnst. of Engineering Research] Berkeiey. each plane normal to the sporn the flow follows the 2-
dimensional pattern. Ink case (b) an integrodifferential

AN ALGORITHMN FOR THE TRANSLATION OF ALGOL difference equation Is derived for the shock distortion
STATEMENTS, by W., M. K~eese, Jr. and H. D. Huakey. function. The solution of this is shown to exist and to
'196211(51p. incl. tables. (AOR6-05 A FS- be unique and Is given in the form of a series expansion
62-156) AD 451225 Unclassified in chordwise distance from the shock. Formulae giving

the pressure and velocity components in terms of the
Also 2ublished in Information Processing. Proc. of the shock distortion function are derived. The pressure
Iniernat'l. Fed, for Information Processing Cong., and chordwise velocity con-ponent on the surface are
Munich (Germany) (Aug. 27-SepL. 1, 1962). ed. by
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computed for a range of wedge angles between 5 * and 20 391
and Mach numbers between 3.0 and 4.2. The continua-
tion of the flow field through the centered eapansions at California U. Inst. of Engineering Research, Berkeley.
the shoulders and past the rear wedge faces Is discussed.
"This can be calculated by a linearized method of charac- DIFFUSiVE SEPARATION OF A GAS MIXV'iRE
teristics which Is much simpler In case (b) than tn case APPROACHING A SAMPLING PROBE, by B, S. Masson
(a). (Contractor's abstract) Oct- 31, 1962, 57p. tuct. dlagrs. refs. (Rept. no. HE-

150-206; series no. 20; issue no. 141) (AFOSR-4166)
(Spoasored jor.Ily by Air Force Office of Scientific Re-

389 search aund Office of Naval Research under Nonr-2245)
AD 288657 Vlnclassified

California U. Inst. of Engineering Re&,:r'ý, Berkeley.
The effect of inserting a probe into a flow field of a

THE DFIGN OF PLANE AND AXISYMMETHIC NOZZLES flow4ng gas mixture to obtain localized concentration
BY THE METHOD OFINTEGRAL RELATIONS, by M. measurements is considered. The diffusion mechanisms,
HolL Sept. 1962, 35p. IncL diagra. refs. (Series no. due to the baro-diffuslon and the thermal diffusion effects
127; issue no. 1) (AFOSIR-3140) (AF AFOSR-62-277) that cause the concentration variations In dhe original
AD 28546 Unclassified flow field, cause further changes In the mixture compost-

tion during the sampling process. The corrections In
Also Rublsbed in Symposium Transsonicum, Aachen the measured composition due to the presence of the
(Germany) (Sept 3-7, -962), ed. by K. Oswatitsch. probe are calculated for a specific experiment using
Berling, Springer-Verlag, 1964, p. 310-324, air as the gas mixture. The corrections are presented

as curves for Mach numbers of the approaching stream
The method of Integral relations due to Dorodnitsyn is between 0.1 and 0. 4, and Reynolds numbers of the probe
applied to the problem of design o, plane and axtsym- between 0.4 and 40. The corrections are bt.sed upon the
metric nozzles. The Inverse problem of calculating the numerical integration of the diffusion equation derived
flow field in a nozzle a' giren shape is also considered. in the Chapman- Enstog Kinetic Theory. The fluid 4y-
.Ila method is applied to plane nozzles ro that results namic effects due to the composition change are ignored

ma, be compared wvth earlier calculations by Cherry by using existing pure flow solutious in the flow model.
usi.ig the bodograph mothod. The extension of the anal- Baro-diffusion Is retained as the r'imary component-
ysis to cover axially symmetric flow is explaned. separating mechanism to the sampling region. The
(Contractor's abstract) variation in the composition of the mixture along the

stagnation streamline of the approaching flow is found.
The total change in composition found here Is taken as

390 the correction desired for the probe presence. (Con-
tractor's abstract)

California U. Inst. of Engineering Research, Berkeley.

CYUINDER DRAG IN THE TRANSTION FICM 392
CONTINUUM T7 FREE-MOLECULE FLOW, by G. J,
Maslach and S. A. Schaa [1962] [18]p. incl Illus. California U. Inst of Engineering Research, Berkeley.
dlagra. table, refs. (Rept. no. HB-150-194; series no.
20; issue no. 138) (AIOIR-3744) (Hponsored Jointly by AERD- FORCES ACTING ON A BLUNT BODY WITH
Air Force Office of Scientific Restarch and Office of SEPARATED FLOW, by 7. S. Yuen- Oct 30, 1962,
Naval Research under Nonr-22245) AD 274385 50p. Ind. tllus. diagrs. tahles, refs. (Rept- no. HE-

UnclasSified 150-203; series no. ,, issue no. 140) (APOSR-4167)
(Sponsored Jointly by Air Force Office of Scientific Re-

Also ublished in Phys. Fluids, v. 6: 315-321, W, r. search anC Office of Naval Research under Nonr-22245)
AD 288656 Unclassified

The drag coefficients for cylinders n- rmal to the flow Normal and axial force coefficients were calculated
have been determined experimentally at approidmately theoretically for a blunt body. Concurrently, aerody-
Mach -2, Mach - 4, and Mach -6 with Knuds numbers nsamc forces acting on a model of the same body type
exte'dfirg from continuum conditions to free molecule were measured In a stersonic rarefied gas flow at a
flow conditions. The results indicaie a mooth btansitton Reynolds number of 2260/tn. and nominal Mach number
from tnvijcid values at low Knudsen numbers to free of 4.0, so that the laminar separation was involved in
molecule flow preCictios for diffuse reflections at high the a7ea bounded by the cylinder and cone. Two pa-
Knudsen number. Small departure theories which are rameters were under consideration, the angle of attack
applicable to the near free molecule flow regime are com- varying from zero to 20', and the position of the skirt
pa.-ed to the experimental data. (Contractor's abstract) relative to the tip of the central cylindrical body changing

from a = 0. 092 to 1.429 In. The experimental results,
plotted In coefficient foi m, were compared to the theo-
retical predictions which consisted of Newtonian nyper-
sonic theory with viscms corrections. The axial force
coefficients Lised on the experimental data were within
3% of the predicted values at low angles of attack (less
than 6•' The experimental normal force coefficients

"-88 <
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were adequately predicted widh a similar trend by the 395
theoretical analysis with a maximum error of about 15";
over the entire range of both angle of attack and cenier California U. Inst. of Engineering Research, Berkeley.
body position. (Contractor's abstract)

AN EXPERIMENTAL INVESTIGA iONOF FREE
MOLECULE MOMENTUM TRANSFFR BETWEEN

393 GASES AM) METALLIC SURFACES by R. V. Stickney
Doctoral thesis, Jan. 25, 1962, 145p. tnei. tllus.

California U. Inst. of Engineerlng Research, Berkeley. diagra. tables, refs. (Rept. no. HE-ISO-152; series
no. 20; issue no. 134) (Sponsored jointly by Air Force

ON THE MOLECULAR INTERACTIONS BETWEEN GASES Office of Scientific Research and Office of Naval Re-
AND 8OLIDS, by F. C. Hurlbot. Nov. 15, 1962 131;p. search under Nonr-22245) AD 273495 Unclassified
incl. diagr. tables, refs. (Rept. no. HE-150-208;
series no. 20; issue, no. 142) (APOSR-4981) (Sponsored Published In part in Phys. Fluids, v. 5: 1617-1e24,
jointly by Air Force Office of Scientific Research and Dec. "§Z"-. (Title varies)
Office of Naval Research under Nonr-22245) AD 295409

Unclassified Measurements of the normal momentum transfer be-
tween gasez and metallic surfaces were obtained under

Also published in Symposium on Dynamics of Manned conditions of free molecule flow by means ol a torsion
Lit-iziiPhiiri Entry, Philadelphia, Pa. (Oct. 1962), balance and molecular beam apparatus. Helium, hydro-
ed. by S. M. Scala, A. C. Harrison, and M. Rogers. gen. noon, nitrogen, argon, and carbon dioxide were
New York, John Wiley & Sons, 1963, p.. 754-777 tinveasgatec )n tingsten, platinum-blackened-tungsten,

platinum, and "uuainum surfaces which were most
Problems of energy and momentum transfer between the likely contaminated with oxides and adsorbed gases.
gas particle and the surface are examined with attention Momentum transfer measurements were obtained with
given to those processes which directly influence the the surface at various temperatures, the range being
flow under free molecule and near free molecule condi- from 25 to 550 'C. The efficiency of the momentum
tions. A rerfew of ,arly and also very recent scattering transfer process increases with the molecular weight
studies reyeals consistent trends in the reflected angular of the test gas and the rot-gtess of the test surface, but

L distribution in particle flux from cleaved and degassed is relatively independent of the surface material under
alkali halide crystals aug from certain degassed metal the present conditions. The momentum transfer rats
surfaces. These observations lend support to a dynamt- for helium and hydrogen are significantly less thar, for
cal model of tbe lattice In Interaction with the gas parti- the heavier gases. The accommodation to the surface
cle. In connection with the discussion of this model three temperature is incomplete except, possibly, for argon
broad regimes of interactic.z in the presence of attractive and carbon dioxide. The results were used to estimate
forces art defined. (Ccntractor's abstract) the values of the coefficient of translational energy trans-

fer and a modified form of the coefficient of normal mo-
mentum transfer. (Contractor's abstract)

394

California U. Inst of Engineering Research, Berkeley. 396

HYPERSONIC FLOW OVER A SLENDER CONE WITH California U. [Inst. of Engineering Research] Berkeley.
GAS INJECTION, by H. H. King. Nov. 5, 1962, 105p.
incl., illus. dlagrs. tables, refs. (Rept. no. HE-150- SPHERE DRAG INA LOW-DENSITY SUPERSONIC
205. series no. 196; issue no. 1) (AFOSR-4985) FLOW. by J. Aroesty. f1962J [17jp. incl. diagra.
(Sponsored jointly by Air Force Office of Scientific Re- tables, refs. (Sponsored jointly by Air Force Office of
search and Office of Naval Research under Nonr-22245. Scientific Research and Office of Naval Research under
and General Electric Co.) AD 295154 Unclassified [Nonr-22245]) Unclassified

The main object of the present study was the expert- PubliShed in Rarefied Gas Dynamic; Proc. Third
mental investigation of the effect of gas injection on the Internst'l. Symposium, Paris (France) (June 1962),
drag and pressure distribution on a 5-' half-angle porous New York, Academic Press, Suppl. 2, v. 2: 261-277,
cone. Both helium and air Injection were employed at 19M, (AFOSR-5310)
two Mach-Reynolds nuwber combinations attainable rin the
Berkeley low density wind tunnel. The first part of the Sphere drag coefficients were measured at Mtch
report presents a general discussion of the experiment, numbers of 2, 4, and 6, and free stream Reynolds num-
the experimental data obtained, and the comparison of bers between 10 and 10,000 for both insulated and cold
these data with theory. Sectic-n 2 is a detailed discussion wall conditions. The measurements indicate that sphere
of the experimental procedure and the methods of data drag In this regime is strongly dependent on the Reynolds
reduction, while Section 3 presents the approximate number behind a normal shock wave, and only weakly
boundary layer analysis which is useful for interpreting eependent on Mach number. In addition, it was found
the experimental data. A discusmion of the accuracy of that a decrease in T 'T from I to 0. 26 was accompanied
the various experimental results and tabulations of data w 0
appear in the Appendix. (Contractor's abstract) by a 5-10% decrease In the drag coefficient. (Contrac-

tor's abstract)
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397 2-1/2%. Small amounts of ductibilIty, were observed In
deformed, fine-grained polycrystailline specimens. A

California U. [Inst. of Engineering Research] Berkeley. sharp rise in fracture stress was apparent In specimens
whose average grain diameters approach 0. 02 milli-

STUU3E OF NORMAL MOMENTUM TRANSFER BY meters. (Contractor's abstract)
UOLECUL&R BEAM TECHIIQUES, by R. E. Stickney
and F. C. Hiurlbut. JIM)2 J161p. tncl. Illum. dia"r.
(Sponsored jointly bry Air Force Office of Scientific 399
Pesrct& M&Ad Office of Naval Research under (Nonr-
2MS4D Unclassified California U. Materials Research Lab., Berkeley.

Published in Rarefied Gas Dyvamics; Proc. Third DUCTILE CERAMICS RESEARCH, by E. R. Parker,
loternat'l. Symposium, Parts (France) (Jane 1962), J. A. Pask, and J. Washburr. Final rept. Aug. 1962,
New York. Academic Press, Suppl. 2, v. 1-. 454-469, 6ip. incl. rcfs. (Series no. 150;, Issue no. 6) (AFOS.R-
196. (AkAO8RS310) 3502) (AF 49(638)601) AD 283585 Unclassified

The transfer of normal momentum between gases and Work was confined to stuiges of cubic crystal ductility.
metallic surfaces has been studiled under conditions of Such material is hi~hly ductile at room temperature
free molecular flow by means of a torsionm balance and when tested In single crystai form. Surface effects are
motecualr beam apparatus. Thermal beamis of helium, extremely Important and good ductility can be obAtined
hydrogen, neomi, nitrogen, carbon dlozide, and argon only with specimetis having carefully prepared chemi-
were dirocted against surf1ces of tungten, platinum cally polixhed surt aces. it was found that MgO single
blackened tungsten, pla~tinium and aluminum with surface crystals are ducti's. 3t room temperature and values of
temPe-ratures In the range 25* to 550*C. Thet efficiency elongation in excess %I1IC% were obtained regularly.
of momentum transfer is found to increase with the Alloying of ionic %Oltds increased their strength. Recent
molecular weight of the test gas and the roughtncns of the work concernel Frain boundary effects on the ductility
Ifst surface, but is relatively independent of the substrate of Ionic solids; eaperiments indicated the smaller the
mat" rild, under Present nonditions. The mtementum trans- grain size, the t~igher the strength, and the greater the
fer rates for helium and nydrogen are significantly equal. probability of siinlficant deformation before fracture.
The mombontuni accommodation of the test gases aopeara High purity is es seatial. Extrusion was chosen an a
to he I ononplete except, possibly, for argon and carbon means of fabrlc-4lng flue-gralned IAF and slightly
diozide. The results are used tp estimate the value of ductile specimens were obtained.
a modlified coefficient of monmenum transfer for each
gas-surface combination. (Contractor's abstract)

400

390 California V. [Materiala Research Lab. I Berkeley.

California U. Materials Research Lab., Berkeley. FRACTURF OF )NMNETALUC CRYSTALS, by T. L,
Johnston aud E. RL Parker. 119621 (21 ]p. inc. Illus.

TUNE FFECT OF CRAXIN FOUNDARIUES ON THE diagra. zefs. (AF 49(638)601) Unclairsifled
MECHANICAL PIOPERTIES OF TONIC CRYSTALS, by
S. Feuerstein and E. R. Parker. Jan 196 [631p Incl. Ptblished In Fracture of Solids: Proc. Internat'l.
tItuS. dlagrn table, refs. (Technical rept. no. 5; C~onat Maple Valley, Washington (Aug. 21-24, 1962),
tieries no. 150; issue nw. 5) (AFOSR-2109) (AF 49(638)- ed. by D. C. Drucker and J. J. Gilman. New York,
W1) AD 2V3425 Unclassified T ntersclence Publishers, 12113, p. 267-287.

Room temperature tensile teasts were conducted 3n investigations with ununmetallic crystals have been more
single crystal, bicrystal, and polycrystalline UiF. fruitful than those with metals In revealing the role
Their mechanical behaviors were compared and the played by dislocations in Intiating cracks. There Io
effects resulting from the presence of grain boundaries clear emperin'ental er',denze that cracks can form in
evaluated. The fracture processes of single crystal a cumber of ways as a consequence of heterogeneous
AMd btcrystal specimens were also investigated. Favor- plasiu.- flow. It has been denaotmzrated that dhe applied
abl'- oriented, chemicolly- milled single crystals attained stress req~uired to form a crack zt the grain boundatry
tensile strains as high as 27% befor. fading. Ductile In a magesium oxide bicry@ta depends inversely on
fractures revi.lted from internal Sources, but fractures the distAnce b'etween the grain beundary and the nuclea-
from low Strains were due io surface sources. Stress- tion site of the gilde b"n causing the crack, n4 sug-
strain curves of hicrystals ind~cated that grain boundaries geste, by theory. The choCe Of tucleation mechanism
in tonic crystals were not Inherently weak. Plastic de- and the aur 'qnt of deformation preceding fracture IS5
formation In at least one grain always Preceded fracture. 2sscciated phenomenologlcaliy with the chi.'adtr of
The Presence of a grain boundary afforded a strong elp bend formation which Is governed priciarily by the
barrier to dislocation motion, becoming more effective temperature. Although single noLmetaillid crystals cana
the greater the degree of bicrystal m'.sorientation. Eel- often be deformed readily at low temperatures, WoY-
dence of slip lines on only one side ol matching inter- crystalline aggregates are notably more brittle. Re1cent
&ranular surfaces revealed that tramniisslon of slip esperiments with lithium fluoride hmfve shown that,. undler
across a grain boundary was difficult. Failures took place certain conditions, even polycryse&lllne material can
ina a brittle fashion predominantly alo~ng an inter- and possess limited tensile 'longtion at room temperature
tranogranular path. Strains at fracture seldom exceeded (values in excess of 1/2% have recently been obtained).

-,90,
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401 formance of a diphenyl ether calorimeter used In the
laboratory is routinely checked by dropping Samples of

California U. [Materials Research Lab. IBerkeley. platinum. The results so obtained scatter clnsiderably
more than those by Jaeger and others from larger samn-

PLASTIC FWW AND FRACTURE OF CRYSTALLINE pies, but they do show clearly that the over-all systema5tic
SOLIDS (Abstract), by E. R. Parker. [19621] [1p. error to Jaeger's work is very small. They alsoshow
(AF 49(638)f,01) Unclassified the previously tabulated beat contents at 400 * and $00OK

are somewhat too high. (Contractor's Abstract)
Presented at Sixty-fourth annual meeting of tne Amer.
Ceram. Soc.. New York, Apr. 29-May 3, 1962.

404
Published in Bull. Amer. Ceram. Soc., v. 47:,217,
Xp-i. -10-1 California U. School of Public Health, Berkeley.

A brief review of recent work on the strength of soIds, SOME OBSERVATIONS ON THll PHYSIOLO(RCAL
discussing dislocation theory, strain hardening, re- EFFECTS OF GASEOUIS IOS, by A. P. Kruleger, 8.
coverv, creep and fracture is presented. The application Kotaka, and P. C. Andrlese. [1962] 116]p. brie. dtagrs.
to non-moetallic crystals and the possible results there- tables, refs. (AFOSR-J264) (Spovsored Jointly by Air
from are Indicated. Force Office of Scientific Resaarch uider AF 49'=3)-

669 and Public Health Service) AD VC0888; AD) 416072
Unclassifed

402
Als lnnternat'l. Jour. Bloweteor., v. 6:

California U. IMatertals Rerearch Lab.) lle-Keleyý 33-48,1V62

INTERNAL STRZES9ES IN MODEL. CERAMIC SYSTEMS Thit paper reviews some of the -vidence perbtainangt
III, by R. U. Fulrath and J. A. Pask. Final rep!. the biological effects of gaDmous lonn. It appears that
Nov. 1, 1%62, i~p. inc. refs. (Series no. 119; issue exprimental data now available waian the conclusion
n~o. 3) (APOSR-4439) (AF 49(638)4) AlD 291849 that reproducible biological effects occur in a variety

Unclassified of living forms including microorganisms, higher
plants, insects, animals and man. The responses

A unique fabrication procedure of vacu.um hoit-pressing generoily are limited in exti'nt andto indict air Ions as
multicomponent systems was used to form model ceramic their sole cause r.-qulres great care In defining the ex-
systems for studying Internal stresses. Methods rf perimental condItloan. Some progress his been mude
analysis of internal stress combining the rvicroatruc- in detecting the fundamenital biochemical reirtions
tural features ard x-ray diffraction patterns were de- associated with ion-induced physiological changes. The
veloped. Three differert particle shapes dispersed in ready availability of excelent apparatus for generationl
glassy matrlces were btudied. internal stresscs were and measurement of air-tons, coupled with present day
found to be of secondary Importance in systems with knowledge about their prt.,erties, mak'as critical ex-
strong Interfacial bonds and of primary importance in pertme'itatioz* possible. (Contractoc 's abstract)
systems in wnich strong Interfacial bonds were not -
veloped-

405

40.3 California U. ~Sismographic Station) Berkeley,

California U. [M~inerals Research Lab.]I Berkeley. CO)MPUTER WOCAM'ON OF LOCAL EARTHQUAKES
WITHIN THE BERKELEY SEWSIEGRAPJIIC NETWORKC,

HEAT CONTENT OF PLATINUM, by I. Nultgren, W. by D. A. Bolt and T. Turcoltt. [1962] [151p. Inel.
B. Kendall, and R. L. Orr. j1962] 131p. tncI. dlagrs. diagrs. (AF 49(638)904) AD 439072 Unclassified
tables, refs. (Materials Science Series Contribution
no. 149; 1. E. R. Reprint no. 10- 63) (A FOSR-.!342) Also PuIsh*ed In Computers in the Mineral Industries;
(AF 49(638)83) AD 408022: AD) 404959 Unclaseilied Froc. Tdi annal Conf., Stanford U., Calif. (June 24-

29. IV(-3', ed. by G. A. Parkb. Stanford, School of
A~lspulished In Jour. Chem. and Eng. DLIa, v. 7: Earth Sciences, Pt. 2: 561-576, 1964.

R5-55, bc-i1962.
S~nce 1887 the Berkeley seismographic station tax been

Chemical lnertne~s.e high melting point, and freedom used for the study of earthquake occurrence in central
from allotropic and magnetic transformations give and northern California. The presert network consists
platinumi otivioun si .adilages as a secondary standard of some 20 st~d 4 .ons in Catifornia and Nevada. Eight
for calibrating high- temperature calorimeters. However, new stations telemeter -ftgals directly to Berkeley.
currently accepted tables of the Leat coitt-nt of platinum The present network allow.- a much more precise deter-
,,an be criticized because the values belov. Si0K are mination of the position and origin-time of eairthquakes
too high to Jon smoothly with reliable low-temperature within the region thivnpreviously possible. Measure-
- 298 *K) neat capacity data, and because the tables are ments of the main recordcd seismic phases are placed
bAsed mainly on the drop calorimetry of Jaeger and by station staff directly onto Hollerith format sheets.
others In wehich the heat lost by the sample during the A program has been cod-d for an IBM 7090 'which sorts
drop was not properly tkken into account. The per- out the travel- times frorn a provisional earthquake focu.
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to each station for the main observed phases. A 2- Also published in Phys. Rev. Ltrs., v. 8: 372-375,
layered crust is assumed based on earlier work by May 1, 1962.
Byerly. the layer parameters may be varte4 at will. One
run of the program can accommodate data from as many The method of Green's functions based on the infinite
as 50 stations for any number of earthquakes. It uses set (5) of coupled equations (with boundary conditions)
only P-wave arrival times, but computes also theoretical satisfied by the sequence of n-particle Green's functions,
times for the various S-wave arrivals for the assumed has been used extensively in the theory of superconduc-
structure. (Contractor's abstract) tivity. It has been shown, by solving an example exactly

that (S) may posse"s spurious solutions, some of which
lead to an energy lower than the true ground-state energy

406 and so do not correspond to any state wave function.
Thus the Green's function method as usumlly formulated

ChliornJa U., Davis. is not a complete dynamical description of the system,
and requires In addition some criterion to distinguish

THE INTEIREC1ION OF FIBONACCI SEQUENCES, by these extraneous solutions from the correct one. This
S. IL Stein. 11962] [4]p. (AFOSR-J530) (AF AFOSR- work was developed in order to choose between the
62-299) AD 407872 Unclassified contradictory theories of the possible superfluid phase

Apublished in Michigan Math. Jour., v. 9: 39-402, of He .

409

For the construction of a groupold satisfying the identity
a ((a-ba)) = b but not the identity (a(ab- a))a ý b, it was California U. [Dept. of Physics] La Jolla.
necessary to examine the intersection of Ftbonacct
sequences. If n is a positive integer and F 1 , F 2 ... , Fa SU.TPERCONDUCT[VITY WITH COMBINED PARALLEL

are Fibonacci sequences, then there it an Integer m , n AND ANTIPARALLEL SPIN PAIRING, by N. R.
Werthamer, H. Sunl, and T. Soda. [1962i [31p. incl.

subh that FRn, m)k consists of at moet the element n, for refs. (AFOSR-3661) (AF 49(638)1038)
each -1 1, 3, ... s. It is proven that 2 Fibonacci Unclass.ifed
sequences generally do not meet and that If they do meet
at least 3 times, then one is simply the taill of the other. Also published in Proc. Eighth Internat'l. Conf. on

Low Temperature Phys., London (Gt. Brit.) (Sept 16-

22, 1962), Washington. D. C., Butterworths, 1963,
407 p. 140-142.

California U., Davis. In this paper the conditions on the interparticle potential
are relxed and the superconducting phase is investigated

INhITE MODELS OF IDENTITIES, by S. KL Stein. when allowing pairs with both even and odd angular mo-
[1962] [7p. [AFAFOSR-62-291 Unclassified menium, and correspondingly both singlet and triplet

spin states. Because of the presence of pairs with

Published in Proc. Amer, Math. Soc., v. 14: 216-222, parallel spins, the paramagnetic ground state exhibits
•-.rW"••-. a nonvanishing .pin susceptibility, and also is free from

undesirable circulation orbital currents. Although a

If * is a set of identities on a groupoid (a set closed variety of formalisms exist In which to generalize the
under a binary operation), the nV(0) denotes the variety., spin pairing in superconductors, the most conveniLnt
i.e.. the class of groupolds, satisfying 9. A number- and compact seems to be that using Green's functions.
theoretic construction is used to exhibit an infinite with
a nontrivtal V(#) which has only one finite member.
Another type of example shows that with • consisting of 410
just one identity, varieties can be constructed which,
though possessing an infinite set of finite members, are California U. [Dept. of Physics] La Jolla.
not determined by them. These latter examples are
based upon identities obtained by equating compositions SUPERCODNDUCT[ITY NEAR IMPUIUTIES, by H.

of so-called translations, that is, mappings Suhl, D. 1R. Fredkin and others. [1962] [3]p. incl. refs.

R:. a - xa and : x - ax. (Math. Rev. abstract) (AFOSR-3662) (AF 49(638)1038) AD 612340
Unclassified

406 Also b i n Phys. Rev. Ltrs., v, 9: 63- 65,

California U. [Dept. of Physlcsj La Jolla. Resonent scattering of conduction electrons by transition

DIFFICULTY IN THE METHOD OF GREEN'S FUNC- element impurities in dilute solid solution, and localiza-

'LONS FOR A MANY-BODY SYSTEM, by R. Baltan, tion of a magnetic moment around the impurity can lead

L. H. Nosanow, and N. R- Werthamer. [1962] [4]. to a localized region of coherent pairing of electrons.
lad. refs. (AFOSR-2559) (Sonsored jointly by Air In this report, the author speculates that resonance
Force Office of Scientific Research under AF 49(038)- effects could also lead to a similarly localized region
1036 and Atomic Energy Commission) Unclassified of coherent pairing of electrons. A model is con-

sidered In which the impurity potential is strongly
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localized (has a constant matrix element) and the one- of second-order phase transitions, remedies this diffi-

electron conduction band Is characterized by a single culty. The relation of this approach to molecular field

peak in Its density-of-states curve, theory is discussed.

411 414

California U. [Dept. of Physics] La Jolla. California U. Dept. of Physics, La Jolla.

SUPERCONDUCTIVITY NEAR IMPURITIES, by D. R. SOME CONDITIONS FOR THE APPARENT VANISHING
Fredkin, J,. S. Langer and others. [1962] [21p. (AFOSR- OF THE ENERGY GAP IN SUPERCONDUC70RS, by
3663) (Sponsored jointly by Air Force Offize of Scientific H. Suhi and D. R. Fredkin. [19621 [4]p. (AFOSR-
Research under AF 49(638)1038 and National Science J592) (AF 49(638)1038) AD 414134 Unclassified
Foundation) Unclassified

Alsoyublished in Phys. Rev. I trs., v. 10: 131-134,
For abstract see item no. 410, Vol. VI Feb. IS7I ---

A perturbation treatment Is used to explain the apparent
412 disapp.earance of the energy gap in superconductors

observed by Reif and Woolf, in tunnellng experiments

California U. [Dept. of Physics] La Jlla. where one of the superconducting films contains para-
magnetic Impurities.

ENHANCEMENT OF HYDRODYNAMIC STABIUTY BY
MODULATION, by R. J. Donnell,, F. Reif, and H.
Suhl. [1962] [31p. Incl. diagrs. (AFOSR-JI05) (Son- 415
sored jointly by Air Force Office of Scientific Research
under AF 49(638)1038 and Office of Faval Research) California U. [Dept of Physics] La Jolla.
AD 400465 Unclassified

SATURATION OF FERIUMAGNETIC RESONANCE

Also publtshed in Phys. Rev. Ltrs., v. 9: 363-365, WITH PARALLEL PUMPING (Abstract), by P. Gottlieb
Nov. 1,-1962. and H. Suhl. [19621 flip. [AF 49(638)1038]

Unclassified
A rotating cylir-4.er viscometer, with metal cylinders,
and filled with CCI4 was tuilt, in which the Inner cylinder Presented at meeting of the Amer. Phys. Soc.,

rotates and an electrical bias can be applied to a sh rt Washington, D. C., Apr. 23-24, 1962.

Insulated section of the outer cyllrter. This outer cyl-
inder can be moved aidally so that tnt diftrlttlinn of Published in Bull. Amer. Phys. Soc., Sertcd 11, v. 7:

velocity In the liquid can be stritIed as a function of the 9-, ,•p-r.23, 1962.

current collectet' by the electrode at thW particular her
position, th-, mol on of the fluid I.roducing chang" In the nhe microwave susceptibility for subspdinry fer.cmag-

current which also depends an the mobility of me ton nethc resonance with porftlel pu bng es salcul;ed from

species present and their diffusion ctnstant-.. The speed the saturation amplitude of the non table dplnwavesf The
of the Inner c-ltnder ca., be modulated stnusotdal va.-t- saturation is caused by the nonlinear damnping effects
atof the nner collnder ca.be mo at�eesinuso�i�o dlon o of the three, four, and higher-number magnon Inter-
ation about a conirclled stcady %!wed and conditions Ofacin.Tertoeerydsptonu otee
modulation were determined which show a marked en- actions. The rate o•ergy dissipationdua to ise
hancement of stablity. It ._ suggested that this method interactions is proportional to the amplitude of each

might be applied to boundary-layer control., magnon parti-ripating: if two or more magnons belong to
the unstable group. the dissipation rate will be nonlinear
in the unstable spin-wave amplitude. The requirement

413 that two or more of the magma be of the same fre-
quency can only be satisfied below a certain dc mignetic

California ,. [Dept. of Physical La Jolla. field. As the order of the Interaction (number of partidi-
[ Pspating magnons ) Increases, the strength of the Interac-

A NO .E ON THE SHORT-RANGE ORDER AT THE tion decreases. btnt the limiting upper field Increases so

FERROW.AGNETIC CURIE POINT, by D. I. Fredkln that each of these Interactions ts Important for a specific

and H. Suhl. [1962j 12]p. (AFOSR-J590) (AF 49(638)- range of dc magnetic field, and this gives rise to a step-

1038) AD 413749 Unclassified shape- curve for the susceptibility. The loction of
these steps as a function of magnetic field is found to
agri.e with the expertmental results of Hartwick and

Al oublts, .ed In Jour. Phys. and Chem. S v 2 Peressini.
- ,Feb. I96.

Ordinary thermttynanic fluctuation theory, v .rch
a.ssumes a Gaussian fluctuation ensemble, leads to
complete ordering of a Heisenberg ferromagnet at the
Curie point. It is shown that a simple extension of the
usual theory, utilizing Landau's phenomenological theory

93



AIR FORCE SCIENTIFIC RESEARCH

416 419

California U. [Dept. of Physics] La Jolla. California U. [Dept. of Physical La Jolla.

[FERIDELECT1UCITY, FERROMAGNETISM AND EFFECTS OF STRAIN ON THE SUPERCONDUCTING
SUPERCONDUCTIVITY IN SOLIDS], by B. T. Matthias. TRANSITION IN THE MERCURY-INDIUM SYSTEM, by
Final rept. Apr. 1962, 9p. (AFO)SR-2571) (AF 49(638)- M. F, Mepriam and M. A. Jensen. [1962] [81p. incl.
1040) AD 286354 Unclassified diagrs. (AFOSR-J579) (Sponsored jointly by Air Force

Office of Scientific Research under AF AFOSR-62-344
A laboratory for the study of cooperative phenomena in and National Science Foundation) Unclassified
solids (superconductivity, ferromagnetism, ferroelec-
trinity) was establish.-d, equipped and staffed. A number Also published in Cryogenics, v. 2: 301-304, Sept.
of active research programs are underway, and the sci- Uf2.
entilc results of one of these (superconductivity in the
Hg-In system) are summarized. (Contractor's abstract) Investigpttng superconductivity In the Hg-In system, It

was found that the superconducting transition tempera-
ture can be increased considerably by strain. Under

417 the most favorable conditions, this increase Is more
than 1 VK. The most important condition for a large

California U, [Dept. of Physics] La Jolla. increase in superconducting transition tcmperature (Tc)

PHOIDELASTIC METHOD FOR HIGH SENSITIVITY to occur is that the sample has a composition corre-
DIFFERENTIAL DILATIMETRY, by M. F. Merriam. sponding to a 2-phase or solid solution region of the phase
[1962] [61p. incl. dlagrs. (Sponsored jointly by Air diagram. The increase in Tc Is very small for the 2
Force Office of Scientific Research under AF 49(638)- tntermetallic compounds in this sytem, as well as for
1040 and Office of Naval Research) Unclassified pure Hg and In.

The purpose of this note Is to call attention to a novel 420
photoelastic method for differential dilatometry. The
method has been used only on NaCI, but should be prac- California U. [Dept. of Physics] La Jolla.
tical for many optically transparent crystals and glasses
for which certain elastic and photoelastic constants are THE SECOND ORDER EFFECT OF APPLIED
known. Extension to opaque materials Is possible. ELECTRIC FIELDS ON THE ELECTRON SPIN RESO-

NANCE OF IMPURITY IONS IN MgO, by M. Weger and
E. Feher. [1962] [6p. nel. Illus. (AFOSR-64-0749)

418 (Sponsored jointly by Air Force Office of SciLntific Re-
search under AF AFOSR-62-344 and National Science

California U, DepL of Physics, La J.lla. Foundation) AD 436510 Unclassified

THE SECOND ORDER EFFECT OF APPLIED ELECTRIC Alpshedin Paranagnetic Resonance; Proc. of
FELDS ON THE ELECTION SPIN RESONANCE OF Internatl. Conf., Jerusalem (Israel) (July 16-
IMPUNTY IONS IN .1203 AND IN MOG jAbstract), by 20, 1962), New York, Academic Press, v. 2: 628-633,
M. Weger and E. Feter. [1963] [I. (AF 49(638)1040) 1963.

Unclssi fied A second order Stark effect has been observed in the

The first order Stark effect of the Crý+ Ions in At20.1 EPR spectrum of Cr 3, Mn 2., Fe 3., and Co in MgO.
has been first observed in the! z 1 transitions by The effect manifests itself as a shift in the resonant

2 2 frequency of the absorption line, which is proportional
Arumen and Murphy. The second order Stark effect In to the square of the applied electric field. The observed
the I - I transition of Cr' in Al20, and In MgO was shifts are smail, of order 10 milligauss at 10000 v/cm,

2 2 2and are detected by a modulation technique. The possible
observed. The effect exhibits ttself as a shift In the origin of these shifts is discussed. (Contractor's
electron spin ressance line, proportional to the electric abstract)
field squared. The shifts were estimated by modulating
the electric field and comparing the signal with the one
obtained with magnetic field modulation. The signal ob- 42)
tained with a field modulation of 105 v/cm had the same
amplitude as was obtained with magnetic field modulation
of I.0 millipuss for Cr+÷* in A1203 and of 4 milligauss SUPERCONDUCTIVITY IN SGME MERCURY CMAf-
for Cr÷** in MO. The second order Stark effect VMS POUNDS WITH FEWER THAN TWO VALENCF ELEC-

also observed in the resonance spectrum of Fe-*+ and TRONS PER ATOM (Abstract), by M. F. -trriarn:.

Mn i tn MgO. The experiments were performed at 1010  [1962j IlkP. [AF AFOSR-62-344] Unclassified

cps and at 300°KL Presented zt meeting of the Amer. Phys. Soc.,
Washington U., Seastle, Aug. 27-29, 1962.
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Published in Bull. Amer. Phys. Soc., Series I1, v. 7, varied strongly as a function of composition. A single,
477ag[--TV, 1962. reasonably sharp, superconducting transition was taken

as tntdcation of a homogeneous composition. Trasition
Superconductivity has not been found so far In elements widths varied from a few hundredths to a few tenths of a
with fewer than two valence electrons per atom. In order degree.
to drtermlne whether this situation can be correlated
simply with a deficiency of valence electrons or whether
other variables are more Important, several compounds 424
of Hg with alkali metals and noble metals have been
studied for superconductivity. The superconducting tran- California U. [Dept. of Physics] La Jolla.
sitlon temperatures of the compounds of mercury with
any given element decrease monotonically with decreasing SUPERCONDUCTIVITIES NEAR IMPUMTIES, by
electron concentration; other chemical variables (struc- D. R. Fredidn, J. S. Langer and others. [1962] [21p.
ture, volume per electron, etc.) appear less important. (AFOSR-65-1190) (Sponsored jointly by Air Force
Superconducting transition temperatures fall below 1 'K Office of Scientific Research under [AF AFOSR-64-
at about 1.5 valence electrons per atom. The following 6311 and National Science Foundation) AD 620480
approximate transition temperatures were obtained: Unclassified

Hg 4 Na &K; Hg 2 Na, 1.6K; Hg3 1A, 1.8'K; and Hg 4 Pt, Also published in Proc. Eighth Internat'l. Conf. on

3.5 VK. Compounds found not supereonducting at 1. 1 'K Low Temperature Phys., London (Gt. Brit.) (Sept. 16-
included Hg 2 Na3 , Hg 2 Pt, and H0. 5 7 Ag0o. (v-brass 22, 1962), Washington, D. C., Butterworths, 1963,

phase). p. 157-158.

The influence of a charged, non-magnetic Impurity,
422 exerting a very short range self-consistent potential, on

the coherent pairing of -Iectraiis is examined, using a
California U. [Dept. of Physics] La Jolla. Green's function method. It is found that a local super-

conducting solution can exist only for attractive electron-
SUPERCONDUCTIVITY IN THE Pd-As SYSTEM AND electron interactions.
THE EFFECT OF FERRDMAGNETIC ADI[TIONS (Ab-
stract), by C. T. Raub, G. W. Webb, and R. W.
Fitzgerald. [1962] [1lp. [AF AFOSR-62-344J 425

Unclassified
California U. Inst. of Geophysics and Planetary Physics,

Presented at meeting of the Amer. Phys. Soc., La Jolla.
Washington U., Seattle, Aug. 27-29, 1962.

PRESSURE VARIATIONS ACCOMPANYING A PLANE
Published in Bull. Amer. Phys. Soc., Series II, v., 7: WAVE PROPAGATED ALONG THE OCEAN BOTTOM,
474WfX-ugT.7'-, 1962. by H Bradner. [1962] [31p. tncL diagra. (AFOSR-

4382) (Sponsored jointly by Advance Research Projects
Superconductivity has been observed in the Pd-As system Agency and Air Force Office of Scientific Research
near the composition of Pd 2 A. The transition tempera- under AF 49(638)905) AD 295963 Unclassified

lures were also measured in aloys of either Co or NI. Also pjtblished Iin Jour. Geophys. Research, v• 67:

Mi3!S ,I Aug. 1962.
423

The use of pressure transducers Instead of seismographs
California U. [Dept. of Physics] La Jolla. on the ocean floor has been suggested an a way to detect

small vertical bottom motions. The following valid
SUPERCONDUCT1VITY IN THE .IYSTEM MERCURY- argument has been used to estimate the ratio, In the
INDIUM (Abstractl, by M. F. Merriam and M. A. limittug case of waves that are long compared with the
Jensen. [19621 [Ip. [AF AFOSR-62-344] water depth; the water above a given section of the

Unclassified bottom lAses and falls as a cylinder. The pressure varia-
tions will then be just the force required to accelerate a

Presented at meeting of the Amer. Phys. Soc., column of water of length equal to the ocean depth. The
Baltimore, Md., Mar, 26-29, 1962. ratio of pressure to velocity for other cases than the

long wavelength limit is estimated by looking at the sol-
Published in Bull. Amer, Phys. Soc., Series U, v. t: tion for olane wave propagation in a uniform liquid layer
-T7•'4ifa.ri6, 1962. above a semi-infinite uniform solid bottom.

Alloys covering the composition range from pure Hg to
65 at. , In have been prepared by quenching the melt In 426
liquid nitrogen from 200-250*C. Superconductivity was
detected by measuring the self-inductance of a coil con- California U. [tnswt. of Geophysics and Planetary Physics)
tatning the specimen and was observed at all composi- La Jolla.
tions. Transition temperatures ranged from below
3.2cK for 20 at. I In to above 6. 0K for 80 at. % In, and COMPARATIVE SPECTRA OF MICHOSELSMIR AND
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SWELL, by R. A. Haubrich, W. H. Munk and F. E. episodes were seen in EEG records in a quiet envirci-
wodgrass. [1962j [flip. inc. diagra. refs. (AFOSR- ment. These seizures seemed critically dependent on

J251) (AF 49(638)905) AD 400864 Unclassified reduction of visual and auditory sensory influences. At
higher doses of LSD-25 (tround 100 mg per kg) seizures

Also published in Bull. Seismol. Soc. Amer.,, v. 53:: persisted in well-lit environments and disrupted a de-
27-7, jTmI3. layed resporse performance. Tolerance of LSD-25

appeared with frequently repeated doses (intervals less

Spectra of seismic and ocean wave recordings near San than 7-10 days). Pstlocybin and psilocin resembled
Diego, Calif., show closely related features. The wave LSD-25 In general effects but differed In the brevity of
spectra consist of a sharp peak whose frequency, f(t), their action and the frequency of severe autonomic re-
increases linearly with time and consistent with the actions (vomiting, pupillary dilata,,un, etc.). These
expected dispersive behavior from a sour'e at 6150 findings and their relation to physiologic mechanisms in
nautical mi (presumably a storm in the Ross Sea). The the memory trace and to problems of sensory depriva-
seismic spectra show peaks at f(t) and at 2 f(t); the tion are discussed.
double frequency peak contains 100 times the energy of
the peak at the primary frequency. A compartsoan between
the peak frequencies and bend widths of the seismic and 429
ocean wave spectra, and an estimate of the direction and
beam width of the seismic radiation leads to the following California U. Brain Research Inst., Los Angeles.
conclusions: that the microseismic generation area is
predominantly local, being confined to distance of 100 SELF-MAINTAINED VISUAL STIMULATION IN
ml up or down the coast. For the primary frequencies MONKEYS AFTER LONG-TERM VISUAL DEPMIVA-
the generative strip Is preumably confined to shallow TION, by 3L H. Wendt, D. F. Lindsley and others.
water; for the double frequencies it extends 200 ml [1962] [21p. incl. diagr. (AFOSR-JI065) (Sponsored
seaward. jointly by Air Force Office of Scientific Research under

AF 49(638)686 and Public Health Service) AD 419439
Unclassified

427
Also published in Science, v. 139- 336-338, Jan. 25,

California U. Inst. of Geophysics and Planetary Physics, 3.,
La Jolla.

Newborn monkeys reared In darkness for 16 months,
PIRBING SEA-BOT7OM SEDIMENTS WITH MICf-d- except for daily 1-hr periods of exposure to uupatterned
SEISMIC NOISE, by H. Bradner. [1962] [41p. incl. light, were allowed to press a lever to obtain unpat-
diagrs. table. "AFOSR-J400) (AF AFOSR-62-420) terned light. The animals showed apparently insatiable
AD 407881 Unclassified responding, at rates that were extremely high as com-

pared with rates for normally reared control animals.

Also published in Jour. Geophys. Researelh, v. 68: (Contractor's abstract)
IZ IMF -Mar. 15, 19r'.

Simultaneous measurements of the fluctuating pressure 430
Just above the sea bottom and of the vertical velocity

of the sea bottom car provide information on the charac- California U. [Brain Research Inst. ] Los Angeles.
ter and thickness of sediments, since the magnitude of
pressure variation on the ocean bottom, generated by a SPECTRA AND AVERAGE SHAPES OF SLOW WAVES
passing Rayleigh wave Is a function of the frequency and IN THE HIPPOCAMPAL SYSTEM DURMNG TRAINING
phste velocity of the Rayleigh wave. (Abetract), by D. 0. Walter. [1961) [lip. (Sponsored

jointly by Air Force Office of Scientific Research under
AF 49(638)686 and Public Health Service)

428 Unclassified

California U. iBraini Research last. I Los Angeles. Presented at Forty-fifth annual meeting of the Fed. of
Amer. Soc. for Exper. Biol. , Atlantic City, N. J.,

EFFECTSOF LSI)-25, PSILOCYBIN, AND PELOCIN Apr. 10-14, 1961,
ON TEMPORAL lOBE EEG PATTERNS AND LEARNED
BEHAVIOR IN Th7i CAT. by W. R. Adey, F. R. Bell, Published 'n Fed. Proc., v, 20: 335, Mar. 1961.
and B. J. Dennis. ['19621 !12]p. tncl. illus. diagra. refs.
(AFOBR-J060) (Splonsored jointly by Air Force Office The objective evaluation of EEG data by machine
of Scientific Research under AF 49(638)686 and Public computation was utilized by Adey, Dunlop and Hendrix
Health Service) AD 420289 Unclassified in auto- and cross-correlating slow waves seen in train-

ing records from regions of the hippocampal system.

Also published in Nettrology, v. 12: b9I-602, Sept. 1962. The present study includes auto- and cross-spectra.
phase angles and coherence of similar data. These

With 25 to 100 u g of LSD-25 cats adopted a wide-based functions are applied in confirming those authors' re-
' kangaroo" posture with tall ertended, and exhibited suit that hippocampal entorhital phase angles differ in
staring, head shaking and sprawling with claws extendee. early vs late stages In acquisition of a conditioned dis-
There was a loss of normal affective response. With crimination. They are now shown to differ during
iSD-25 dosage around 25 isg 'er kg brief seizure-like correct vs incorrect responses, at the same stage. An
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analytic method, suggested by Reniond, has also been 433
applied, which times the sampling of each EEG channel
by upward zero- crossings (if a chosen channel. With California U., Brain Res. 'rch Inst.,* Los Angeles.
this technique evidence has be-en sought for a pace- maker
of varying period, producinig rhiythmic phenomena In EEG IN SIMULATED STRESSES OF SPACE FLIGHT
separate regions of the hipoocampal system. Since this WITH SPECIAL REFERENCE 70 PPDBLELIS OF
method retains harmonic relations within each trace, it VIBRATION, by W. R. Adey, W. D. Winters and others.
has allowed an extension and Clarification of the -phase- 11962] [16;p. trel. tllus. table, rei.'ý (AFOSR-5346)
comp.arator" action proposed for rhinencephalic struc- (Sponsored jointly by Air Force Office of Scientific Re-
tures by the above aathors. (Contractor s abstract) search under AF AFOSR-61-81 anM National Aeronautics

and Space Administration) AD 421729 Unclassified

431 Presented at meeting of the Amer. Electroencephalo-
graphic So--., Atlantic Ci'ty, N. J., June 1962.

California U. Brain Research Inst., Los Angeles.
Also pjblished In Electroencephalog. and Clin.

BRAIN FUNCTION. VOL. It. RNA AND BRAiN F-UNd- Neriiojidfil..v_. 15: 305-:'20, Apr. 1963,
'ZION; MEMORY AND LEARNING. PROCEEDINGS OF
THE SECOND CONFERENCE. Los Angeles, Calif., 1962, The effects of st"-ing on the electrical brain activity
ed. by M. A. B. Brazier, Berkeley and Los Angeles, in cortical and subcortical structures were examined fn
California U. Press, 1964, 360p. incl. Illus. dlagrs. 4 pig- tailed macaques. Shaking was performed oter a
tables. refs. (UCLA Forum In Medical Sciences no. 2) continuous spectrum from 5-40 cps at a veak accelera-
(AFOSR-65-1499) (AF AFOSR-61-"7) Unclassffied tion of 2 g over the greater part of the spectrum. Driv-

ing of brain rhythms at the shaking frequency, prima-
The UCLA Forum in Medical Sciences was created to rily 9-15 cps, was noted In the midbrain reticular forma-
review, synthesize and analyze topics, from various tion, the nucleus centrum medlanum, the visual cortex,
areas of biology, chemistry and physics to applied and the hippocampal system, An essentially different
medical arts. This second volume deals with the explora. distrit~ution of driving was produced by photic stimula-
tion of brain mechanisms underlying the phenomena of lion.
learning'and memory, with particular reference to the
contrast between information storage In genetic and In
mem~ory processes. The state of nucleic acid coding in. 434
genetics was reviewed, earlier efforts to Identify such a
nucle~c acid base for Information storage and retrieval Californ'a U. [Brain Research Inist. j JOs Angeles,
in the nervous system was re-examined, and an attempt
was made to evaluate the justification for carrying over INFLUENCE OF SIMULATED AL71TUDE (18, 'M1
some of the advances in genetic coding to the processes FEET) ON R)R14A-'IOW OF EXPERIMEiF'rAL VESICA.
of learning and memory. CALCULI IN MALE RATS. by~ A. T. IL Coct- '. 119-62)

[41p. inc. Illus. t-Lles. (AFOSR-Jl45-1) (A' AIDSR-
61-81) AD 427527 Uw assifted

432
Also published In lour. Utol. ,. 89- V. 6- T,9, May

California U. [Brain Research inst. I Lo-- Angeles.

POTENTIAL FOR TELEMETRY IN THE RECORDIN_ A method for the formation of vesical calculi in male
OF BRAIN WAVES FROM ANIMALS AND MEN EX- rats at simulated altitudes I! presented. Weight of
POSED TO0 THE STRESSES OF SPACE FLIGHT, by W. bladder calculi formed eiq~e.-Iiftitlly in male rats at
R_ Adey. [1962] 114]p. incl. Illus. diagrs. (AFOSR- low barometric pressure trithou; laypoxia (18,000 ft)
5345) (AF AFOSR-61-81) AD 421749 Unclassified Is not significantly greater than cahcuh formed experi-

mentally in rats at grotmnd level. The significance of
Published In io- Telemetry; Proc. of Interdisciplinary dehydration rsther than altitude in flying personnel is
Conf. on the Use of Telemetry in Animal Behavior and mentioned. The possibillta of urinary calculi as a
Ph~ysiology in Relation to Ecological Problems, New York result of extendied space flu ht must await studies per-
(Ma-r. 28-31, 1962), ed. by L. E. Slater, New York, formed under alttitde and pr ilonged weightless condi-
Pergamon Press, 1963, p. 299-302. tions. (Contractor's abstra J

The feasibility of BEG telemetry from animals and men
in space flight is discussed. Prime consideration is 435
given to the development of an appropriate implantation
technique to perailt recording from deep brain waves, California U. Brain Research last., 1,0s Angeles.
development of speclal1 hardware for the EEG recording.
spertat testing involved io the en-vironmental aspect of APP LICATION OF PHASE DETECTION AMD AVERAG,-
centrifuging and shaking during recording, and data ING TECHNIQUL- IN COMPUTER ANALYSIS OF BEE-
analysis In flight to mntnmIze telemetry. RECORD3S IN INE CAT, by W. ;. Adey and V. 0.

Walter. [196211[24)p. inc. diagre. refs. (AFOSR-64-
1193) (Sponsored J'flntly by Air Force Office of Scientific
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Wses-ch under AF AFOSR-61-8l. National Aercnat~ti':s basie of graA.ed analog %aye processes. Physicochezni-
and *pace Administ.-ation and National Institutes of cal changes in learning were directly monitored by anpli-
Health) AD 44299 Unclassified cation of impedance measuring techntl.aes to the leerning

process. (Cottractor's abt~ract)
Als pulisedIn Exper. Neurol. . v. 7: 186-2309, Jan.

437
Consistency *f phase patterns t4 EEG records Irozn the
hippocampal systtcm and midbraln reticular for'- -tion California U. Brain Research Inst. * Los Angeleg.
have been Ixamined in the course of behavioral traiting
In 5 cats with implanted eleedrees. These stIKIit-s have D(FFERIN0- EEG SLEEP STAGS$ AND THEIR
involved novel application of computing techniueA, In- RESPONSE 70D TO~NE ST[MULAIION IN THE CHIMP,
cluding continuous measurement of phase and amplitude by J Mf. Rhodes, W. 11. Adey and tAhere. [19621! ljp.
characteristics of sinrew wave trains by digtal filtering (AF AFOSR-61 81) Unclassified
techniques, the use m~ cross-vsectral analyses with cal-
culation of complex t-ansfer functions, and aversging Presented at Fall mneeting of the Amer. Physiol. Soc. ,
of records duri~ng repeated behavioral performances Auffalo U., N. Y., Aug. 28-31, 1962.
witlh calculation of coherence functions in crose- spectral
exnminatlons. It was found that rhythmicity appeared in Published in The Physiologist, v. 5: 264, Aug. 1963.
we computed average at the rate of the dominant EEC
frequency as T- maze periormance reached a high level, By the use of stereotanically implanted electrodes in
and was related to a reduction in scatter In phase patterns subccrtlcal areas of 'he 'brain and screw electr:.des over
at high performance levels. Reversal of behavioral cues the cortex. It has been possible to 3tuay the relationships
was assciated with an linriedlate brief increase in rhyth- between crirtical and subcortical areas during 30 all-
micity of the a'.e~age, then a decline followed byr a pro- night sleep sessions with 3 chimpanxees. Clicks were
gresaive r'eemergenice of rhythmicity at the end of re- presented at differ-eat staget of sleep .And averaged
training. Contitauuo phase- and- amplittude examiinations evoked responses calculated. The general pattern of
during delayed response Performance Indicated a rhyth- sleeo steges Is similar to that found in humans. In con-
mic phase modulation on wave trains with an apparently trast to that found with lower animals, hippocampal leae,
single frequency appearing during periods of discrimina- failed to show reciprocal rhythms with the cortical leads-
tion. Comnparison of probability bounds In cross-sxpec- During "paradoxical"~ stages, 2 patterns were noted whlctb
tral analysis with use of a polar coordinate display have could be differentiated primarily by the presence ar
Indicated major differences In phase relations between absence of arnygdaloid "sndling*,. The responses to
differenit hippocampal regios between correct responses clicks varied with the different stages and, though
In certain circumstances, lidth consistoncy in different decreAsed, contlnued to oe seen In the -Varadoxical"
examinations. These findings are discussed In relation stage. The results suggest- (1) the possibility of a
to r stochastic riodel of the cerebral system, with refer- higher level of sleep control for primates than previously
enco to the possible role of the wave process In haryfllng thought, and (2) Varadoxical' sleep may have at least
and storage of informattim. 2 typea, one of which may involve internaltzr on of

attention rather than deep sleep.

436
438

California U. Braini ResearchlrnsL, Las Angeles.
Caltf'3-nia U. Brain Research Ins.., Los Angeles,

IIIPPOCAKPAL MECHAN10INS ' PF0CES3E OF
MEMO)RY: TIIUDUGH7 ON A MOEDEL OF CERtEBRAL MUTUAL INFORMA71ON OF TWO PHYSIOWI GICA L
ORGANIZATION IN LEARMiNG, by W. &. Adey. 11962] RECORDS (Abstract), by D. 0. Walter and D. Brown-
[441p. inc. dlagrs. refs. (AFOER-65-1501) (sponsored 11 9621 [li]p. (Sponsored jointly hy Air Force Gffice of
jointly by Air Force Office of Scieddttfc Research under Scientific Research unde. AF AFOSR-61-81, National
AF A FOSR- 61 .81 and National Imstltutes of Health) Aeronanutics and Space Administration, and Pubit.
AD 623060 U'nclassified Health Service) Unclausified

Als p alshdI Brain FPanction: RKA and Brain Presentedl at Fall meeting of the kmer. Physlol. Soc..
Fun~ction;Memry and Learning: Pro(. Second Conf., Buffalo U., N. Y., Aug. 28-31,. 1962.
Lxu! Angeles, Zalif., 19612, ed. by M. A. B. Brazier.
Berkeley and Los Angeles, California U. Press, v. 2: Published in The Pnysioloailst, 1. 6- 293, Nov. 1963.
7J3-716, 1964. (AFOsit-,5-1499,

The mutual information connecting 2 partially rax.&m
A discussion is presented of the abiatio and drug studies functions is a general measure ef interaction, and ran
of the system orpniration o. the hippocampus in -nimals be numerically estimated from physiological aata. For
These at'.dies support the idea that die h'ppocarnpaa ays- two gaussian processes, I. e., those whose distribution
temn is viAlly concerned In thv, continued capability to of amplitudes follows the normal curve, the )nly rela-
make a disctimmtrt~ve pe formance Involving Zie tn~eg- tiona possible are linear ones; here the croef-correlation
rity of both recent and long-term memory functions. function Is sufficient to define the mutual Information.
Computer anelyses of various aspects of wave processes Correlation, however, underestimates Elhe muttu.A in-
during discriminative learning Indicated strong support formation for other distributions of amplitudes, or for
of the hypothesis nt conveyance of Information on the such physiologiacally interesting relationsh'ns as
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non-proportional response, or modulation of one signal each aromatic ring. The ring deformation may also be
by another. lagged mutua; information generalizes the described an a foidinig of 16' about a line betwee.n the
cross- correlation function, and can be assembled Into a p- substituted atoms. Ile exocyclic single bond distance
cross-Information function. Additional Insight to pro- is 1. 51A, at least 0. OZA longer than normal. The
vided by calculating the multivartate mutual information lengthening is attributed in part to the orthogonality of
at *,everal lags at once, these lags to be selected on the the v -systems in the molecule and in part to intramolecat-
basis of the cross- Information function- The degree of lar Wtain. Other distances are Dormai. The distribution
relationship indicated by cross- correlation vc that indi- oi strain in the molecule i.j discussed.
cated b7 lagged and multivariate mutual information, be-
tween pairs of related electroencephalographlc traces,
will he compared, and the additional Insight due to the 441
new technique explained. The direct extension of such
calculations to process additional parameters derived California U. ')ept. of Chemistry, Los Angeles.
from EEG traces. such as filter outpute, will be shown
to provide material for direct study of the cerebral coding THE CRYSTAL STRUCTURE OF TRIMETHYLC(O-
of Information transfer. SULFONIUM PERCHLORATE [(CH2)3 S~jCJ~0 4-, by

C. L. Coulter, P. K- Genteel, and J. D. McCullough.

439 11962: [61p. lcdl. diagra. tables, refs. (Sponsored
jointly by Air Force Office of Scientific Research under

Caliorna U Dep. o Asronmy, ye ngees.AF 49(638)719 and National Science Foundation)
Calforia 1. ept ofAstonoy, ,w ngees.Unc~ssslfed

A COMPARI9ON OF ASTRONOVMICAL AND ZfLLISTICPulseInAt rt.v.1:6-51,Jy1M
TRADITIONS IN ORBIT COMPUTATION, by S. Iferrick.PulseinAaCytv1: 7-SJy193
May 1962, 25p. Incl. refs. (Astrodyn2mical rept. no. Crys~s of [(Ch0j) 3 0]1*004  displa tetragonal bym-
14) (AFOSR-2941) (AF 49(638)498) AD 277356 - a

Unclassified metry with nilt cell dimension, a = 11. 66 * 0. O!A and
c =5.99*0.OlA. The space groupis P1121 M with

Presented at Internat'l. Union of Theoretical and Z = 4. A satisfactory trial structure was found by use
Applied Mechanics, lnternat'l. Symposium on the of a 3-di1mensional Patterson summation and the refine-
Dyniamics; of Satellites, Paris (France), May 28-30, 1962. ment was carried out by means of 3-dimensio-Al differ-

ence syntheses and least-squares routine on the IBM
A mathematical study Is presented of differential formu- 7090. The [(CL SD* ton Is required crystallographi-
lae, which are useful in the mathematical difftrentialt(R
ccrrectlon of an approximate orbit into better agreement rally to have the symmetry m but ;t aj~roximaies the
with observation. in the physical or thrust differenitial symmetry 3m. The perchlorate Ions are cyrst~alograph-
c.,rreetion of a non- repdezvous traje~ctory Into onie that Ically of 2 types, one w-ith required symmetry 4 and
intercepts Its target, in guidance, in error analysis, and the ot "crnith -equired symmetry mim2. However, the
tn optimization. The discussion is limited tona compari- i'erchlo. ate ions of the second type acnileve the required
son of astronomical differenitial correction itethods uf th symmetry in a statistical (disordered) manner. Bond
the adtoint mathod that has come into space navigation distances and angles In the trimnethyloxasulfoclum Ion
from ballistlcs. (Contractor's abstract) are:

S- C(I) =1. 78 a 0. DlA, S- C(2) =1. 76 * 0. 01A,
440 S-0C 1. 45 * O.O1A, C(1)-S-C(1) 1 05. f a 0.?7,

CMl-.S-C(2) =105.7 * 0.5%, C(I)-S-O =112.1 * 0. 5',
Caioni 1 Dp.ofCeisrLos Angeles. C(2)-S-0 114.8*a0.6. In the ordered Perchlorate

California~~~tns U.Dpt f hmsty =~*1.45 a0.OIA, 0-Cl-C 111.5 ±0.90

THE CR7YSTAL STRUCTURE OF THE DIOLEFfN OF ard I ( 8 t±0. 9'. (Contrator's abstract)
[2, 21PARACYCLOPHANE. by C. L- Cotalter a.nd KC. N.
Trueblood. 119C2! 110kp. incl. diagra. table&, refs.
(AFO)SR-65-2i61) (AF 49(638)719; AD 627513 442

Unclassified
Califo.-nl~a U. Dept. of Chemistry, Los Angeles.

Also publishedin Acta Cryst., v. 16: 6c^7-V67, July
I 96.~~~~. ~HIGH PRESSURE C L~iST~Y I.UTA A

RATES AT VERY WIGII PRESSURES, by W. F. Liboy.
The diolefin of 1,2, 2j'aracyclophane (C, H1 2 I forms F1962,1,161p. tncl, refs. (AFOSR-2923) (AF 49(638)901)

monoclinic crystals with ao 6.866, ba 11. 636,Ucasfe

c, 7.640A. 0 116.9' and 2 molecules in the unit cell Aiso pulishbed in P,-oc. Nat'l. Acad- Sdi., v. 48: 1475-

in space group P21I c. The structurf, has been refined by 18 92

full matrix 3-dimens-rxa! least-squares methods, and It apears to be true that strong shocks can cause chemit-
the final parameters include small corrections for molec- cal changes in solids at rates mnuch higher than any
ular libraticn. The aromatic rings are bent Into a boat known diffusion or nucleation growth mechanism can give.
form about 14 at each end, and thae bonds to it-- -carbons It is suggested that the extreme compressions caused
are bent an additional 15' from the plane of the edge of by extreme pressures iti the megabar region can convert
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essntially the entire crystallIne mass Into I single Aisopublshed In Jour. Chem. Phys.. v. 38: 420-425,
activated complex which may be the often suggested Jan. IU.
metallic state all matter must give at extreme compres-
ston. Whethei the tr..nsitioa state be metallic or not, The principle that electrons cannot be readily exchanged
the release of prersure Wolowing the passage of the shock between aqueous ions of diferent valence, unless they
wave causes the system to expand and thus to produce vosstas sufficient ap ometrical similarity to reduce to a
that form of ordiarry matter whinch is stablest at the de- minimum the energy transfer required by the simultane-
gree of expansion where the transition state ceases to be one and instantaneous conversion of an Ion of one valence
stable (in the case of the metallic manifestation, where to another while a second Is changed in the exat opposi'te
It ceases to be metallic). Thus large masses of matter way, has been firmly established. The Franck-Condon
might be m~ad to undergo certain special chemical changes principle a3 applied to electron movement as woll as to
at the incredible speeds corresponding to the duration of optical transitions thus has been found to be completely
shock pressures. The special conditions are that com- commanding in the case of electron exchange reactions
presslon of the original substance should give the same transition element tons In aqueous solution, e. g., Fe 2
(metallic) transition state that compresion of the product 3.,, 4*
to the same density would have given and tha th rdc and Fe3 exchange electron& slowly whill Fe(CN 6  and
be stabler at the conditions of compression, pressure, Fe'CN) 3 exchange iery rapdly. Rapid electron ex-
and temperature just following the piotsage of the shock 62-
wave &nd which first causes the (metallic) transition stt change octurs also between U 4 and 74104 even
to revert to an ordinary low pressure form. A particular though the oxygen atoms do not exchange. Thus a type
case is thought to be the conversion of rhombohedral of tunneling of electrons is firmly proved to occur when
graphite to diamond by explosive shock. Another may the source and sink (reduting and oxidizing) Ions (or
be the formation of diamonds on Impact in such meteor- molecules) satisfy the requirement of the Franck-Condon
lites a~s Canyon Diablo. principle of being -r7zfficlently similar geometrically to

leave little need for change in hydration energy after the
electron transfer. This principle should apply also to

443 oxidation and reductihm reactions among the transition
elements, and the present work examizes the avimlable

California U. Dept. of Chemistry, Los Angeles. kinetic data (particularly those of Taube and co- workers)
to establish Ihe extent of this applicability which appears

CHEMSTRY OF POSITIVE TONS. nI. ION-MOLECULE to be substantial.
REACII1ONS IN RADIOLYSIS OF N-HEXANE AT LOW
TEMER13ATURIs, by L. Kevan and W. F. tabby. 1 19621
12]p. tacd, table. (APOSR-J452) (Also bound with Its 445
AFOSR-4864; AD 414457) (AF 49(99MT-

Unclassified California U. [Dept. of Chem- &try) Los Angeles.

Als~pu l~se n Jcvr. Chem. Phys., v. 37-,2496- THEORY OF METALLIC IXAWIND, by W, F. Libby.
2497, Nov. 15,71962. 1119621 f5jp. (AFOSR-64-0030) (Also bound with its

AFOSR-4864; AD 414457) (AF 49(&s8)9D1) AD 435951
Tabulated results of (.06 radlolysts of n-hexanee at Unclassified
various temperatures -are presented, Analyses were
carried out by gas chromatography using a flame ionize- Also published in Phys. Rev., v. 130: 548-549.
tion deWtecor. It was also found that the yield of m.Ap-
dodecane at room temperature was not affected by 0. 03
K added Iodlae or by 1% added pentene, both of which The fact that compression of Group MV elements and
have been widely used as radical sec-vengers. In addition, of Groups rn-V and Il-VI binary compounds forms new
8 mol % propylamine did not reduce the yield. This denser phases with 6 eam neighbor body- centered tetra-
strongly indicates that Carbootwo ions for-ted by loss of gonal lattices which are metallic requires theoretical
atomic hydrogen from the original parent-t~n radicals elqplanatios. We think of this new set of metals as
formed by the radiation are not Important. Thie carboni- being typified by tfr' expected new metallic phase of car-
um Ions would be strongly acidic. The scavenger re- bon to be bbfaned by compression of di.amond which is
sults at r-oom temperature indicate that n-dodecane is called metallic diamond. It is proposed that this new
formed by an Ionic process involving the original Ion dassR of metals of which tin Is the only presont example
radicals. The increase In yield Phow-s that this process on&!- ordinary conditions, and which may include a new
becomes more efficient at lo% temperztures. metallic form of carbon denser than diamond called

metallic diamorA. can he understood rs a 3-dimensional
analog of the I dimensional metal graphite. The ex-eass

444 number of 'ý -Lazri cally equivalent nearest neighbors
over th- 4 bonds possible from the available electrons

California V. Dept. of Chemistry. Loos Angeles. and orbi-Als causes crystal-wide resonance which gives
the mnetullic prrupertles. (Contra,.or'a abstract)

ELIVýTRUN TRANSFER AMONG I HE TRANMTION
FLEUMENl: THE COINTROLLING 1FOLE OF THE
FRANcir-ctNDON PRINCIPLE :)N RATES, by W. P'.
Lllfy. JIM)2 fl6jp. Inc. table, refs. (AIVSR-64-
0027) (4lal li _wuthits APO8R-4864; AD 414457)
tAF 49((38)901) AD 435953 Unclassified
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446 Also p bled in Automatic and Remotte Control, v. 2
5 63-357;V, 1964.

California U. Dept. of Engineering, Los Angeles.
'It stability if a class of systems Is shown by te use

A MODEL REFERENCED PARAMETER TRAClING of the basic theorems of the direct method Thi set dof
TECHNIQUE FOR ADAPTIVE CONTROL SYSTEMS. inequalities defines a region, and if the nonlinear or
I. THE PIU•NPLE OF ADAPTATION, by D. D. Donalson time varying part of tW system remains inside this
and C. T. Leoudes. 119611112]p. incl, diagrs. (APOSR- region, then the stability of the system It assured. The
3116) (AF 49(638)438) AD 438554 Unclassified asuil methods of approximaling the time response m',y

be used, and thus this technique can be used to aid the
Presented at Winter general meeting of the Amer. Inst. design of control systems. The technique Is applied to
Elec. Engineers, New York, Jan. 28-Feb. 2, 1962. second and third order examples and is coagmared to the

'variable gradient' method of solving these problems.
AIl published in IEEE Trans. on Appl- and Indus., (Contractor's abstract)
v. 82: 2•--2-ept. 1963,

The purpose of this paper is to develop i fairly general 449
approach to adaptive control systems which, at the same
time, can be mechanized in a reasonable fashion. The California U. [IDpt. of Engineering] Los Angeles.
development is carried out initially for a simple syster"
with a linear time variant physical process and then ex- THE PROBLEM OF OPTIMAL MODE SWITCHING, by
tended to the general linear time variant case. Examples R. A. Nesbit. Sept. 10, 1962, 19p. incl. diagrs. refs.
are given. (Contractor's abstract) (AFtSR-4219) (In cooperation with Aerospace Cozp.,

ElSegundo, Calif.) (AFAAFOSR-62-68) AD293152
Unclassified

447
Also published in Proc. Optimum System Synthesis Conf.

California U. Dept. of Engineering, Los Angeles, ieronautical Systems Division, Wright Patterson AFB,
Sept 11-13. 1962, p. 41-54.

A MODEL REFERENCED PARAMETER TRACKING
TECHNIQUE FOR ADAPTIVE CONTROL SYSTEMS. H. A steepest descent modification of the switching times
STABILITY ANALYMS BY THE SECOND METHOD OF i, a mode switching control system can be based on
LVAPUNOV, by D. D. Donalsou and C. T. Leondes. first variation computations, and the computer storage
11961 1101p. tncl. diagra. (AFOSR-64-0972) (AF 49- requirement less than that required for functional
(618)438) AD 440596 Unclassified descent. By introducing control variables the mode

switching system can be put in the format usually used
Presented at Winter general meeting of the Amer. Inst. in the study of control optimtilion. The application of
Elec. Enginers, New York, Jan. 28- Feb. 2, 1982. the maximum principle yields a necessary condition for

optimum switching and a neceisary condition for chatter-
Aloublithed in IEEE Trans. on Appl. and tr -us., tng. If the switching problem is relaxed to assure the

:_-7 Sept. 1963. existence of an optimal solution, the computational prob-
lem of finding this optimum is not simplified by the

The purpose of this paper Is to develop stability analysis switching approach although meclhnizatlon of the control
results for the type of adaptive control systems described system may be simplifted. The use of steepest descent
in a companion paper, By their very nature such sys- procedure for determining the sLboptimal control, using
tems are In general nonausonomous sinte the inputs may a fixed number of switches, is only based upon dMfer-
be arbtrary functions of the time. The second method ential arguments. Some knowledge of the global proper-
of Lyapunov suppIJes the principal tools for this stability ties of the trajectory is required to assure the usefulness
analysis, while fairly general techniques at, presented of the procedure, (Contractor's abstract)
for generating the required Lyapunor functions for these
systems. Although the ar-alysis I! carried out In detail
for certain specific types of inputs, it is applicable to 450
other types as well.

California U, [Dept. of Engineering] Los Angeles.

448 SYNTHEtS OF OPTIMUM MULTIVARIABLE CONTROL
SYSTEMS BY THE METHOD OF STEEPEST DESCENT,

Calfornla U. [Dept. of Engineeringj Los Angeles. by H. C. Ikiteh. [19621161p. Incl. dUtgrs. tables, refs.
(AFDSR-J149) (AFAFO03R-62-68) AD 400377

THE USE OF THE TECHNIQUE OF LINEAR BOUNDS Unclassified
FOR APPLYING THE DIRECT METHOD OF L7APUNOV
"7I) A CLASS OF NONUNEAR AND TIME VA :;.'NG Presented at Winter general me'ting of the Inst. Elec.
SYSTEMS, by It. A. Nesbit. [1962] [26). i ... dlagrs. and Electron. Engineers, New York, Jan. 27-Feb. 1,
(Theor) paper no. 420) (AFOSR-4218) (A7 AFOSR-62- 1963.
681 AD 292302 Unclassified

Also published in IEEE Trans. on Appi. and lds,.,
Presented at Second Internat'l. Cong. of the Intf.nat'l. v. 82: 123-130, JMay 1963.
Fed. -if Automatic Control. Basle (Switzerland) 1963,
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The optimtum synthesis of multiwrlable control systems Alac published In IEEE Trans. on Appi. and Indus.,
with generalized quadratic error criterion is solved by v.82: 214-21i, July 1963.
using the method of steepest descent In the Hilbert space.
Apart fr'm the conventdoril minmmization techniques, The concept of reducibility of linear differential equa-
this approach wors directly on the functional of the tions is discushed. Reducibility ts defined as the prop -
error criterion Itself so that the optimal solution can be erty which allows a differential equation to be reduced
6etermined through successive approximations. Since to an equivalent lower order differential equation. A
this solution can be obtained at high speed and with high criterion for reducibility and a technique for the reduc-
accuracy by using a digital computer, this method Is tion of linear differential equations are presented. A
particularly useful In solving the actuation problem -f system for which this reduction is possible shall be
adaptive control systems. (Contractor's abstract) called reducible and the property a being reducible shall

be called reducibility.

451
454California U. [Dept. of Engineering] Los Angeles.
California U. Dept. of Engineering, Los Angeles.

THE PROBLEM OF OPTIMAL MODE SWITCHING, by
R. A. Nesbit. [1962] [141. tncl. diagra. refs. (AFOSR- A SUBOPTIMAL ON-LINE FISCRETE CONTROLLER
J775) (In cooperatIon with Aerospace Corp., El Segundo, WITH BOUNDED CONTROL VARIABLES, by F. H.
Calilf.) (AFAPOSR-62-08) AD 293152 Unclassified Klshi.. 1962][7Jp. incl. dLagrs. table. (AFOSR-65-

0619) (AF AV)SR-62-68) AD 615182 UnclaAsifled
Also published in Proc. Optimum System Synthesis Conf..
Ae iczl Systemos Division, Wright F:.tte rson AFB, Presented at IEEE Pacific annual meeting, Spokane,
Sept. 11-13, 1962, p. 41-54. Wash., Aug. 26-29, 1963

Fozr .-bstrct see item no. 449, Vol. VI. Also published In IEEE Trans. on Appl. and Indus.,
1. 83: 216-222, July 1964.

452 1 Inethod to synthesize the control signal on-line, by
using the form of an optimization problem Is examined.

California U. [Dept. of Engineering] Los Aiugeles. Control of linear processes is considered, and bounds
or Inequality constraints on the control variable are

A CONTBOM L IA UTY CRITERION FOR A CLASS UF attacked directly, without assigning penalties on the
LINEAR SYSTEMS, by A. R. Stubberud. 119662 141p. performance criterion. The optimal- control problem
(AFOSR-J864) (AF AFOSR-62-tS) AD 416557 ts formulated as a nonl~near programming problem, and

Unclassified the solution is obtained through a co-ordinate-wise
gradient method. Simulation of the on-line controllIer

Presented at Western Electronic Show and Convention, is performed; a marked Improvempnt in accuracy over
San Francisco, Calif., kn'g- 20-23. 1963. conventional sampled data systems is shown. The

mdthod at presently employed, can coi.sider bounds on
Alsopublished in VESCON Technical Papers, v. 7 the magnitude or on the ratio of change of the rontbol

•FPaprIo 12.1, p. 1-4, 1963. vartabli. (Contractor's abstract)

Alsol tised in IEEE Trans. on Appl. and I.dus..
1. 83: 411-413, Nov. 1964. 455

A linear system is cwmpletely controllable if for any California U. [Dept. of Physics] Los Angeles.
initial condition a caorrol can be found to take the eystein
to the origin. P-esent controllability criteria require A SIMPLE TREATMENT OF NUCLEAR DIRECT
knowing the welghtWe fwuction matrix of the system. A INvTERACTION PROCESSES, by I. E. McCarthy and D.
criterion is presented which is applicable to a broad L. Pursey [1960] L4]p. Incl. d"agr, (Spsored jointly
class of linear s8'sten., and which does not require by Air Force Office of Scientific Research under
kx-nIledge of this mairix. (Contractor's absLtract) [AF 49(638)717, and National Science Foundation)

Unclassified

453 Published in Proc. Internatil. Conf. on Nuclear Struc-
ture. Kingston, Ontario (Canada) (Aug. 29-Sept. 3, 1960)

Caalfornia V. [Dept of Engineering, Lo3 Angeles. Turorto U. Press, 1960, p. 381-384.

REDUCI•IL•Y•' OF LINEAR SYSTEMS, by A. R. Physical argui1ents are used to ?redict the effect on
Stubberud. [2962] ,61p. (AZOSR-j]619) (AF AFOSf- differential cross-sections of various types of tistortion
62-68) AD 427713 Linctassifted of me wave-functions used in the distorted-wave Born

approximation treatment of direct Interactions. A
Presented at Winttr general meeting of the Inst. Elec. simple but fairly realistic model for a-particle wave-
and Electron- Engtnee'_. e,-w York. Jan. 2-Feb. 1, functions givos reasonable agreement with observed
1963. cros-sections for Or,*') scattering.
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456 arrangement energy for a nucleon at the top of the
Fermi sea is thus obtained to be ý 8 mev. The single

California U. f Dept. of Physics] Los Angeles. particle energie,- of oxygen-16 come out in fair agree-
ment with experiments. The rearrangement energy,

BARYON MASS SPLITTING AND WEAK AND STRONG usually neglected when calculating the reactios matrix,
COUPLINGS, by K. Mahanthappa and W. Ramsay. gives a correction of -1 mev per nucleon in infinite
[1962) [41p. Incl. diagrs. table. (Sponsored jointly by nuclear matter and v -0. 1 mev per nucleon for
Air Force Office of Scientific Research under [AF 49- oxygen-16.
(638)717) and National Science Foundation)

Unclassified
458

Published in Phys. Rev., v. 129: 2755-."758, Mar. 15,
1963. California U. [Dept. of Physics] Los Ange'es.

The mass difference between various barvons is attributed SIMPLE TREATMENT OF PIEDUC'7ON AMPUTIJ71DES.
to the presence of bosons weakly coupled to a primary I (Abstract), by C. Fronsdal, K. T. Mahanthappa, and
baryon. As an example, the case of EAts treated assum- R. E. Norton. [1962] [l~p. (Sponsored jointly by Air
ing the E - A parity to be even. An eigenvalue condition Force Office of Scientific Research under [AF 49(08)-
derived by Albright, Blackenbecler, and Goldberger, 717] and National Science Foundation) Unclassified
using the N/D method is rederived in a simple manner.
This derivation not only clarifies the assumptions, but Presented at meeting of the Amer. Phys. Soc.,
makes the algebraic handling of the problem very simple. Washington, D. C., Apr. 23-26, 1962.
(Contractor's abstract)

Published In Bull. Amer. Plys. Soc., Series II, v. 7:
0-0, Afar. 23, 19M.

457
The Cni- Fubini approximate version of the Mandelsnam

[Californla U. Dept. of Physics, Los Angeles.] represertation can be easily derived directly, that is,
without assuming the Mandelstam representation. This

REACTION MATRIX THEORY FOR A FINITE NUCLEUS treatment has been extended to production amplitudes.
BY THE SEPARATION METHOD, by H, S. Kohler, The resulting representation may be viewed as an ap-
11962] [251p. Incl. tables, refs. (Sponsored jointly by proximation to the as yet unknown complete representa-
Air Force Office of Scientific Research under [AF 49- tion for the production amplitudes. The method ex-
(638)717] and National Science Foundation) plicitly takes into account the 2-particle and 3-particle

Unclassified intermediate states; the higher particle number Inter-
mediate-state contributions are not entirely neglected

Published in Nuclear Phys., v. 38: 661-685, Nov. 1962. When unitarity ts Imposed, soluble integral equations are
obtained.

Binding energy, single particle energies and rad-as of
oxygen-16 were calculated by the reaction matrix method.
The single particle wave-functions were taken to be those 459
of a harnionic oscillator. For the nucleon-nucleon po-
tential, a hard core repulsion of radius 0. 4 fm and an California U. [Dept. of Physics] Los Angeles.
exponential shaped attraction with intrinsic range 2.5 fm
and infinite scaqterIng length were taken. This spin- SIMPLE TREATMENT OF PIVDUCTION AMPLITUDES.
independent potential was assumed to act only in s-states. 11 (Abstract), by K. T. Mahanthappa, R. E. Norton, and
The rcaction matrix was calculatece by the separation C. FronsdaL 119621 [l~p. (Sponsored jointly by Air
method. Saturation was obtained at an r. m.s. radius Force Office of Scientific Research under [AF 40(638)-
of 2.74 fm and a binding energy of 3.4 mev per nucleon. 7171 and National Science Foundation) Unclassified
The experimental values are 2.58 fm and 9 mev per
nucleon. The above potential will give too little binding Presented at meeting of the Amer. Phy , Soc.,
also for infinite nuclear matter, at somewhat too small Washington, D. C., Apr. 23-26, 1962.
density. The characteristic features of the reactior
matrix is discussed and an approximate but explicit ex- Published in Bul l. Amer. Phys. Soc., Series 1U, v. 7:
pre~sion given. It Is brought out that the correlation be- - 1962.
tween 2 nucleons depends mainly on the states or potential
energies of the 2 nucleons and is larger of 2 nucleons deep The Integral equations indicated in the foregoing abstract
down in the Fermi sea than at the top. It was concluded are reduced to the Fredholm form by the Omnes method,
that this would lead to peculiar properties of nuclear and the solutions are obtained under suitable approxitma-
matter, With the total energy given in the reaction tions. Consistency of the solutions and applications to
matrix approximation the variational method gives a physical problems are discussed.
shell model potential consisting of essentially 3 parts.
One corresponds to the ordinary Hartree- Fock potential.
Another has closely the same form as the Hartree-Fock
potential and decreases the strength of this by about 15i
for infinite nuclear matter oi normal density. The
weakest part is proportional to the square oi the local
density and is at normal density . -1 mev. The re-
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40D lubgroup of the local gauge group. There are 4 we,•k
charged vector bosons, associated in pairs with the

California U. fDept. of Physics] Los Angeles. right and left-handed connections of the gauge group;
the only neutral vector is the photon. (Contractor's

EMPUFMD WO-DIENSIONAL MODEL FOR abstract)
NUCLEAR-COUPUNG SCHEMES (Abstract), by S. A.
Mosedowsk. [11462 [l[p. (ponsored jointly by Air
Force Office of Scientific Research under [AF 49(e38)- 462

717], Army Research Office (Durham), and National
Science Foundation) Unclassified California U. Dept. of Physicb, Riverside.

Presented at meeting of the Amer. Phys. Soc., EXCHANGE NARROWING OF d BANDS IN FERIK)-
Washington, D. C., Apr. 23-26, 1962. MAGNETS, by T. We'Jram and J. Callaway. [1962]

'7]p. incl. refs. (AFOSR-4060) (AFAFOSR-61-70)
Published in Bull. Amer. Phys. Soc., Series II, v. 7:, Unclassified
ri67 T , 1962.

Presented at meeting of the Amer. Phys., Soc.,
In order to gain insight into the relttion of nuclear- Baltimore, Md., Mar. 26-29, IM2.
coupling schemes to the basic 2 nucleon interactions, it
may be instructive to consider a 2-dimenstonal analog Abstract published in Bull. Amer. Phys. Soc., Series
of the nucleus. Whis model contains all the essential 1I, v. 7: 210, Mar. 26, 1962.
features of actual nuclei, such as saturation, shell struc-
ture, nuclear deformation, and pairing effects; It is Also published In S'hys. Rev., -,. 127: 1605-1611,
r'.uch simpler to treat, although it lacks some detailed Sept, 1, 1962.
features of reality. The calculations become particularly
simple in the case of short-range Interactions with her- A semlphenomenologtcal Hamiltonian based on the gen-
monte-oscillator wave functions. A basic interaction of eralized Hartree- Fock equations for a 2-component spinor
the following form Is assumedL Is developed which describes the interaction of an elec-

2 iron in the 6 band with the spla waves of a ferromagnet.
V jo(rt 2 - c lp5,(rJ - 6 (ri})p1 2 ] Solutions to the effective Hamiltonian are examined in

the fight-bindinL approximation ausing a self-consistent

c2Pjf6(r1 .)p1 . c38(ri1)
6
(rtk)

6
(rj). separntion of the electron and spin wave variables. The

dynam' I Interaction o* the electron with the spin waves
The 4 parm -,!ers are constrained by the requirement gives rise ta A band-narrow n•g factor exp(-Q) analogous
that the total nuclear energy is a minimum. The to'al to that obtained by Yamas hita and Kurosawa for the
energy turns out to be exactly 8,'9 as large as for uniform polaron. C Increases with temperature and estimates
matter of the mean-square radius as the oscillator dis- show that it may b. on the order of unity for a typical
tributlon, regardless of the values of the parameters. ferromaguet at low 

t
emperatures.

Also, the energy lowering due to any quadrupole moment
implies that the effective quadrupole-quadrupole interac-
tion is very nearly of the strength' required to give rota- 463
ticial spectra with rigid' where it not for pairing
effects. California U. Dept. of Physics. Riverstde.

MOMENT SNGULAERTY EXPANSFON FOR THE
461 DENSITYOF STATES, by J. Callaway and A. J. Hughes.

1962] [5)p. incl. diagra. tables, refs. (AFVSR-J35)
California U. Dept. of Physics, Los Acetes (AFAFOSR-61-70) AD 297117 Unclassified

THE WEAK AND THE STRONG COUPLINGS AND Presented at meeting of the Amer. Phys. Soc.,
GENERAL COVARIANCE, by R. Prkefsteln ind W. Baltimore, Md., Mar. 26-29, 1962.
Ramsay. [C•1 1;6)p. (Sponsored jointly by Air Force
Office of Scientific Research under [AF 19(638)?171 and Abstrct published In Bull. Amer. Phys. Soc.. Series
National Science Foundation) Mnclassified 1, .Y7: 21, Mr726, 1962.

Ajo pblished in Ann. Phys., v. 21:. 408-433, Feb. 1963. AlSO published In Phys. Rev., v. 128: 134-138, Oct. 1.
1962.

General covartance implies that the physical continuum
is characterized by its connection, as well as by its local A systematic appromation prucedure Is developed to
sarcture, and therefore by the symmetries of the con- determine the density of states associated with a particu-
nection, as well as of the loil Lorentz and gauge groups. lar energy band. The denshy of states is expressed as
The connection of the local Lorents group is as usual the sum of 2 functions, 1 of which contains the discon-
associated with the gravitational field; the correspondipg tinuous derivatives produced by critical points, and Is
connection of the gauge group is associated with the determined once the effective mas ses at these points
universal weak and electromagnetic couplings. The are known; the other is smooth, and Is expanded in
strong couplings have the complete symmeu-y of the local Jacobi polynomials. The coefficients in this expansion
gauge group. The -eak couplings have the lesser sym- are determined .om the moments of the distribution.
metry of the connection, which in turn corresponds to a Two applications of the method are given.
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464 The following method was used to determine the parame-
ters Q and B. The 3s and 3p radial equatione were

California U. Dept. of Physics, Riverside. integrated numerically with trial values of Q and B out
to a radius in the Coulombic region. The logarithmic

SPIN-WAVE CONTRIBUTION 70 THE SPECIFIC derivatives were then calculated and compared to those
HEAT OF EuS, by D. C. McCollum, Jr. and J. required by the Coulomb wave equation for the eipert-
Callaway. 119621 12kp. incl. diagra. (AFOSR-J52) mental eigenvalues. The Coulomb logarithmic deriva-
(Sponsored jointly by Air Force Office of Scientific Re- tives were computed from a semiconvergent expansion
3earch under AF AFOSR-61-70 and National Science in decreasing powers of r and valid at large r. The
Foundation) AD 400390 Unclassified parameters were then varied until agreement between

logarithmic derivatives was obtained. The final values
Also lished in Phys. Rev. Ltrs., v. 9: 376-377, for Q and B were found to be 20.915 and 2.0644, re-
Nov. spectively. Using these values for the potential, the

eigenvalues for the 4s, 4p and 5s, 5p states were deter-
Ferromagnetism has recently been reported in EuS mined and found to agree with experimental values to
and in other insulating europium salts. EuS has the within 1. 5%.
NaCl structure, the europium Ion being In an S state with
S 7/ 2 . The nature of the ferromagnetic exchange
coupling has not been clear since direct exchange 467
through overlap of the 4f electron wave functions is un-
likely to be important. A possible indirect exchange California U. IDept. of Physics] Riverside.
coupling mechanism has been proposed. Specific heat
measurements on EuS were undertaken in order that SPIN WAVE THERMAL CONDUCTIVITY (Abstract), ).y
the results might be compared with thi predlctiom of J. Callaway and T. Wolfram. 119621 1lp_ [AF AFOSR-
spinwave theory. 61-701 Unclassified

Presented at meeting of the Amer. Phys. Soc..
465 Stanford U., Calif., Dec. 27-29, 1962.

California U. Dept. of Physics, Riverside. Published in Bull. Amer. Phys. Soc.. Series II, v, 7:
619-_`De, 1962.

DIRECT MEASUREMENT OF THE ENERGY OF
ELECTH)NS OBTAINED FROM THE SURFACE OF In insulating ferromagnets and in garnets, thermal
SILICON BY FIELD EMISSION, by A. M. Russell. conduction at low temperatures may proceed primarily
[1962] [2k.p incl. diagrs. [AF AFOSR-61-701 through spin waves. The thermal conductivity due to

Unclassified spin waves has been calculated under the assumption
that the waves are scattered by bourdaries and by point

Published In Phys. Rev. Ltrs., v. 9: 417-418, Nov. 15, imperfections and compared with the conductivIty due
1962. to phonons. The mean free path for the scattering of

spin waves by point defects has been calculated and found
Field emission of electrons from a silicon point Is dis- -4
cussed. In particular, measurements of the critical to be proportional to k for long wavelengths. The

bias applie. t'f the collecting electrode as a 'unction of conductivity is proportional to T
2 

at the lowest tempera-
applied voltagi. are considered at room temperature. It tures where boundary scattering is dominant, with
is concluded that the additional negative bias required 3 4
at high fields is caused by an Increase in the potential corrections of order T3 and T resulting from dispersion

difference across the silicon emitter, and defect scattering.

466 468

California U. jDept. of Physics] Riverside. California U. LtDept. of Physics] Riverside.

PSEUDOPOTENTIAL FOR SODIUM (Abstract), by A. ULTRAVIOLET ABSORPTION BANDS IN COLD-WORKED
J. Hughes. [19621,111p. [AFAFOSR-61-701 KCI (Abstract), byX . W. Wild and A. N. Jette.

UnclassifIted A962[ 1kp. A,'F AFOSR-61-70j Unclassified

Presented at meeting of the Amer. Phys. Soc., Presented at meeting of the Amer. Phys. Soc.,
Stanford U., Calif., Dec. 27-29., 1962. Batimore, Md., Mar. 26-29. 1962.

Published in Bull. Amer. Phys. Soc., Series I1, v. 7: Published in Bull. Amer. Phys. Soc., Series II, v. 7:
611, Dec. 27, 1962. IN. Mar. 26, 1962.

The potential energy of a valence electron in sodium is A series of uv absorption hands has been observed In

represented by the function V(r) m -2 'r - Qe"Br r. Te single crystals of Harshaw KCI at the temperature.
second term is repulsive and Includes the effects of Some of these bands occur at the same wave lengths
ortlogormlity of the valence electron to the core electrrns. 2s those reported by Lity for additively colored KCL

The intensity of the observed bands in the additively
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colored crystals was proportional to the F-center con- 471
centration; the authors observed them in the virgin
Harshaw crystals where no measurable F concentration Caliiornia U. Dept. of Physics, Riverside.
was found. The fact that the Intensity appears to depend
on the degree of cold work and a diffusion time lead the METAL TO INSULA70R TRANS1TION IN ANTI FERK)-
authorn to interpret this as a low-temperature collector MAGNETS, by J. Callaway. 11962] [6]p. Incl. diagrs.
of point defects along dislocation lines. These centers (AIOSR-J.563) !AF AFOISR-62-31] AD 412601
have been observed to be stable in the temperature range Unclassified
from 78' to 193*1 but disappear at higher temperatures.

Also published in Internal 1. Conf. on the Phystcs of
Semiconductors, Exeter (Gt. Brit.) (July 1962), London

409 Inst. of Physics and the Physical Society, 1962, p. 584-
589.

Callkrnla U. Dept. of Physics, Riverside.
The energy band theory of anti-ferromagoetism,

SIN WAVE- ELECTRON INTERACTIONS IN MA,- originally proposed by Siater, has been applied to a
NETIC DL)DS, by T. Wolfram Doctoral thesis, study of the transition between metallic and Insulating
Aug. 1962, 146p. incl. diagra. refs. (AFOSR-4073) states of an anti-ferromagnet. A 2-sub--lattice •odel
(AF A11)SR-61-70 -nd AF AFOSR-62-319) of an anti-ferromagnet with body-centered cubic crystal
AD 291499 Unclassified structure was considered. An electron In this model

experiences a perlod1,. array of exchange potentials.
The formal theory of spin waves in ferro- and antiferro-

magnetic insulatoro is reviewed. Some recent experi-
ments which have established the ezistence of the spin 472
wave and Its associated quantum of energy, the magnon,
are discussed. Slater's band Jheory of spin waves in California U. Dept. of Physics, Riverside.
Insulators and Its generalization by Edwards to ferro-
magnetic metals is considered. The band- type states EXCHANGE NARIROWING OF d BANDS IN ANTIFERIO-
interact dynamically with the spin wave states. A semi- MAGNETS, by T. Wolfram and J. Callaway. f1962]
phenomenological theory describing the interaction of [5]p. (A)OSR-J707) (AF AFOSR-62-318) AD 413649
electrons and spin waves is formulated. The Intra- Unclassified
atomic exchange arisng in the Hartree- Fock equations
is treated as an operator which couples the 'Itinerant' Also published in Phys. Rev., v. 130: 45-49, Apr. 1,
electron to the spin -rave system. The coupled
Hamiltonian is thon separated Into effective electron and
spin inve Hamiltonlans. The average effect of the spin The theory of exchange narrowing of d bands presewted
waves on the electron In both the ferro and antiferromag- in a previous paper for the ferromagnet is extended to
net L3 shown to result in a dynamic interaction wh' ch the case of the antiferromagnet It is shown that the
glees rise to a locali-ation of the electron and a narrowing dynnmIc s•in wale-electron interaction gives rise to a
of the d-band width. The electronic band width depends
n-rametrtcally upon the state of excitation of the spin narrowing l, etor e6-. r depends upon the state nf
• ntem, and decreases with temperature. In the ferro- excitation of the spin system and tncreases with the
magnet this interaction can cause an asymmetry In the number of amtIferronagnetic magnuns and hence with
densit. of states: the density of states for the spin 'down' temperature It Is suggested that this effect may con-
sub-band being larger than that of spin 'up* sub-band. tribute to tte high resistivity of u. large number of anti-
(Contractor's abstract) ferro-na..etic compounds.

470 473

California U. Dept. of Physics, Riverside. California U. [Dept. of Pbysxcsj Riverside,

INDIRECT EXC14ANGE FERROMAGNE-41SM IN FERROMAGNETIC TPANSITION IN EuS (Abstract),
INSULATORS, by J. Callaway. [19621 [S3p. (AFOSR- bv R. L. Wild and R. D. Archer. [1962] [lip.
J269) (AF AFOSR-62-318) AD 400885 Unclassified [AF AFOSR-62-318] Unclassified

"Also published Ir NL.vo ClImento, Series X, v, 26: Presented at meeting of the Amer. Phys. Soc.,
- '7ov_, .962. Washington U., Seattle, Aug. 27-29, 1962.

The disco.ery off insultating ferron ignetism including Published in Bull. Amner. Phys. Soc., Series IT, v. 7:-
EuO, EuH2. and EuSl-3) has raised questions con- 440, Aug. 27. 1962.
cerning tht nature of the exchange Interaction responsi-
ble for the alignment of 4V electron spins. Direct ex- EuS is found to undergo a ferrcmagnetlc transition at a
change between 4V electons on differing lattice sites is Curie temaperature of 20*K. It was indicated that this is
not litke!y to be important, nor Is the standard energy the first rare-earth sulfide to show ferromagnetic be-
band theory of ferronmagnetism applicable. An imdirect havlor. The possibility of this ferromagnetic -4te was
coupling mechanism which may be responsible for ferro- sugges'ed by J. Callaway. The sample was prepared
magnetiaei in these materials it described qualitatively,
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by passing purified hydrogen-sulfide gas over 99.88% 476

pure Eu2 0 3 held at a temperature o! 1100*C. The ex-
cess sulfur was removed by heating in a vacuum. A Cambridge Language Research Unit (Gt. Brit.).
pellet was pressed at 10,000 atm and made into a
Rowland ring which served as the core of a transformer. THE CALCULATION OF CONSTANTS OF THE STABLE
The sample was found to have NaCl- type structure by PARIICLES, by E. W. Bastin and A. F. Parker-Rhodes.
x-ray diffraction. Measurement of the thermal conduc- 1962, 21p. incl. diagre. (Rept. no. ISU 8) (A10SR-ttvity, magnetic susceptibility, and specific heats as a 5050) (AF 61(052)331) AD 414082 Unclassified
fntionty oftmag ertic r pan
function of temperature are planned. The algebra of Descriptive Heararchy is used to dqduce

the basic dimensionless ratios relating to the stable
474 elementary particle system (the proton/electron system).

To carry out these deductlons, a control system (a
Cambridge Language Research Unit (Gt. Brit.) basis for a general picture of the physical world) Is intro-

duced based on the ordinary idea of a constant of nature.
RESEARICH ON INFORMAT7ON STRUCTURE, by E. W. From this it is evei.ttally shown that there must exist
Bastin. Annual rept. no. 2, Jan. I-Dec. 31, 1961. quantities which underlie measurenment but are not
Mar. 12, 1962 125mp. Incl. diagra. refs. (AFOSR-2533) themselves particular values of a potentially continuous
(AF 61(052)331) AD 289450 Unclassified variate. The fact that there exists wiversal miats (e.g.

of charge or spin) forces a distinction between the
It is shown how the PACE analogue representation of an classical constants of nature and protartthms to be made.
Information structure can be used to calculate numbers
that are of the right sort to interpret as elementary ppr-
ticle constants. This method of calculation is related 477
to that employed by Helsenberg using a non-linear wave
eqL lion. The first part of the report describes how an [Cambridge Langage Research Unit (GL. Brit. )J
Important case of the application and use of an informa-
Ilon structure Is to be found in the analysis of the origin PRESENTATION OF THE HEISENBERG RE UIRKET

and nature of the fundamental constants of elementary OF NON-DECOMPOSA.LLFDTY IN PARTICLE TitEOY
particle physics. The second part relates the process BY USE OF OVERALL FEEDBACK IN A CONTROL
of calculation of such constants from the properties of SYSTEM, IT TEAD OF BY THE USE OF NON- LIN-
an Information structure to the non-iinear wave equation EAsdTY IN DIFFERC. TIAL EQUATIONr, oy E. Wg.
technique bw~ng u~sed by Heisneberg. Bastin and C. W, Kilmitster. 11962] 181p. Incl. diag.

(Bound with AFOSR-253; AD 289450) [AF 61(052)-

33ij Unclassified

475 A discussion is presented of the relationship betwuen
Cambridge Language Research Unit (GL Brit.). the CASPAR method of calculating conestnts character-

istic of elementary particles and current quantum me-
A THEORY OF THE OG[QN OF MASS WITHIN A chanical methcod. The approach used here is distinct
CONTROL MODEL OF THE I.LEMENTARY PARTICLES, f,-om quantum field theory (Heisenberg's non-linar
by E. W. Bastin and A. Woodside. Feb. 20, 1962 [121p. theory) in that it particle constants are to be calculated
incl. diagrs. (AFOSR-2702) ( h then the calculation must depend in an essential way
AFOSR-2533; AD 289450) (AF 61(052)331) AD 275843 upon the existeoe of interactions between the modes of

Unclassified representation of the particles. The CASPAR thwory is
based upon the idea of a control system and the types of

A new method is shown for calculating elementary particle mathematical deductln that are admitted within it have
constants because the current method Is appropriate only themselves ultimately to be bult up from this Idea. It
when some constants, which will be called primary con- will be apparent that there ts a basic formal difference
starts, are assumed to be known already. The expert- between the teeory that is being described and quantum
mental computing method for deriving numbers which mechanics. For if one describes the control system in
have the right logical form to be interpreted as the pri- terms of a differential equation, then this equation will
mary type of constant characteristic of elementary par- be in one independent variable whereas the wave equation
ticies is described. A summary of the theoretical status of quantum mec~anics is a partial differential equation
of the results obtained to presented. The theoretical in 4 independent variables. The various arguments givenin this article are the basis for the use of control syw-
step that stil has to be taken la that of defining combina- tems which are being used in designing the next PACE
tions of systems, which wi l be done by developing the experiment. If the forthcoming experiment is success-
interpretation of the described model to include the idea ful it will then be possible to initiate discussion with the
of partitioning the sets of elt.-ents In a single level to Heisenberg schvol on the further potentialities of the
provide quasi-independent s.,o-systems. This concept control technique.
of a physically measurable quantity Is extended from the
field of natural numbers to the field of rationals. 478

Cambridge Langua;e Research Unit (GL Brit.).

FREEING THE MIND. Vt. THE INTELLECTS NEW
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EYE, by M. Masterman. [1962j [lp. (AFOSR-J546) TECHNETIUM SYSTEMS: THE NEW PHASES ReAl6
(AF 61(052)542) AD 411446 Unclassified AND TcAI 6 , by L. M. D'Alte Da Velga. [19621 [21p.

Als iuH nW In Times Literary Suppl.. v 61- .4, (AFOSR-3817) (AF BOAR-61-24) Unclassified

Alsopublished in Philos. Mag., v. 7:. 1247-1248, July
It Is suggested that the use of the digital computer to 1961.
process non-numerical data can stimulate new theoretical
concepts, Intitutive as well as mathematical. Examples Two previously unreported phases, ReAl 6 and TcAl 6 ,
are cited from experiments involving word games, ma- were found and appear to be isostructural with MnAl6 .
chine translations and classificatory problems. Despite
its application to linguistics, medicine, and anthropology, Powder photographs of the 3 systems are similar and
the potential range of application and development of this the systematic absences for ReAl 6 and TeAl6 are con-
new theory has only been scratched sistent with the space grou) Cemm previously proposed

for M.iA16. The crystals Lre prismatic needles of the
form (110) and cell ,drmeustons are a = 6.59, b = 7.61,

479 and c = 9.02A for ReAl 6 ; and a = 6.58, b = 7.63, and

Cambridge U. Cavendish Lab. (GL Brit. c)= 9.A for TAl6

THE DEPENDENCE OF CROSS-SLUP ON STACIaNG- 481
FAULT ENERGY IN FACE- CENTERED CUBIC METALS
AND ALLOYS, by P. P_ Thornton, T. E. Mitchell, and Cambridge U. Cavendish Lab. (Gt. Brit.).
P. B. Hirsch. Annual summary rept. no. 3, July 9,
1962, 17p. tnct. diagrs. tables, refs. (AFOSR-2934) THE ELECTRON DISTRIBUTION IN CHRO0MIUM, by M.
(AF 61(052)98) AD 289147 Unclassified J. Cooper. [1962] [61p. incl. tables, refs. (AFOSR-

J43) (AF EOAR-61-24) AD 297113 UnclassifiedAisop l~hedIn Philos. Mag., v. 7:. 1349-1369, Aug.
19i2. Also published In Philos. Mat. , v. 7. 2059-2064, Dec.

1962-.
The results of an experimental study of the temperature

and strain- rate dependence of rlIIIfor Cu- Zn alloys are X-ray Intensity measurements for Cr powder, Agla

described and interpreted in terms of Seeger's tiheoreti- radiation, were placed on an absolute scale by direct
cal analysis of r~ The values of the stacking-fault measurement of the power in the incident bearn Effects

111 y rdue to preferred orientation, surface roughness and
energy, Y, derived in this way are compared with the extinction were shown to be negligible and measarements
estimates of v for the same alloys obtained directly from using CuK* radiation confirmed the absence of effects
electron microscope observations of dislocation nodes. which vary with wavelength. The experimental scatter-
The two sets of values are found to disagree, stnd the ing factors determined from the intensity measurements
nature of the discrepancy is such as to throw serious were found to agree with the theoretical values for the
doubts on the applicabilty of the Seeger analysis to ground-state free atom on a relative scale, but to be
Cu-based alloys with eia - 1- 10. The lower limits of about 5% lower on an absolute scale. This it similar
v for pure Cu and Ag, from electron microscnpe data, to the 4% difference reported by Batterman, Chipman

are - 60 ergscm2 and - 30 ergs, cm 2 :; the values of v and DeMarco for measurements on Fe, Cu and Al, and
r2 comparison of measurements from a sample of this Cu

deduced from Seeger's rI analysis are i 170 ergs, cm with those from Cr confirmed the agreement of the

and - 30 ergs/cm2 , respectively. The lower limit of v, absolute scales. (Contractor's abstract)
for Cu is inconsistent with the previously accepted figure
based on the assumption that -/is twice the twin boundary
energy, and this assumpticn is now held to be invalid. 482
Seeger's model of cross-slip at Lome.-Cottrell barriers
is exmmined critically, and found to be incompatible with Cambridge U. Cavendish Lab. (GL Brit. ).,

the observations in Cu and Al that screws are held up
preferentially. It is proposed that screws are stopped THE STRUCTURE OF THE a-PHASE Co 2 Mo3 , by J. B.
by becomeng heavily jogged in the dense tangles observed Forsyth and L. M. D'Alte DN Vetga. [1962] [41p. incl.
by transmission microscopy, and that cross-slip occurs diagra. tables, refs. (AFOSR-J741) (AF BOAR-61-24)
at these tangles by processes controlled by jogs. .Con- AD 413642 UnclassIfied
tractor's abstract)

Alsopublished in Acta CrysL, v. 16: 509-512, June 10,

480
The a-phase structure of Co2Mo 3 has been confirmed by
single-crystal measurements. The structure has been

THE ALUMlNUM-RPErJM AND ALUMINUM- refined and the interatomic distances compared with
thoe i in co 7 Mo 6 and 3 other a-phases. The distribution

of atoms in the available sites has been determined:

"= lt.s <"
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cobalt occupies the 12-fold, molybdenum the 15-fold, reached by encircling the lowest 3-particle singularity in
and a mixture of Co and Mo th'e 14-fold coordinated an anticlockwise direction by using generali zed normal
positions. (Contractor's abstract) threshceld discontinuity formulae derived from tahltarity.

The Integral equation is not Fredhoim because of the
connectedness structure of the S-particle amplitude but

483 this difficulty Is overcome by a manipulation which intro-
duces extra integrations In which complex normal thresh-

Cambridge U. Dept. of Applied Mathematics and olds may oc ur. If there is a 2-particle state 2' with&a
Theoretical Physics (Gt. Brit.),. particle in common with the Z-particlo state, then the

norm~al threshold corresponding to the state 2%, which
ANOMALOUS SINGULARITIES IN PHYSICAL REGIONS, vanisbcs on this particular 3-particle sheet, is verified.
by P. V. Landshoff. [1982] [21p. (AFOSR-J221) Three-particle sheets reached by different routes arc
(AF EOAR-63-79) AD 400440 Unclassified also considered.

Alsopublishedin Phys. Ltrs., v. 3:ý 116-11'7, Dec. 15,
1962;. 486

An explicit example Is given of a singularity for a pro- Cambridge U. -Dept. of Applied Mathematics and
duction process, using perturbation theory, It Is argued, Theoretical Physics (Gt. Brit.).
however, that these singularities cannot occur in scatter-
ing processes. UNITARITY AND THE EVALUATION OF DISCON7TIU[-

IVEFS. 11, by D. 1. Olive. [19621 [10]p. incl. refs.
(AFOSR-64-0379) (AF MXAR-63-79) AD 434534

Unclassified

Cambridge U. Dept. of Applied Mathematics and Also published in Nuovo Cimento, Series 3E, v. 29: 326-
Theoretical Physics (Gt. Brit.). mr5ij-dIT67I-W6.

FINAL- 'TATE INTERAC71ONS IN THE ELECTIK)- The discontinuity across the cut vue to the normal
DISINTEGRATION OF DEUTERIUUM, by J. Nuttall and threshold N in the scattering amp:Itude is found to be a
M. L. Whippman. [1982] i7Ip. incl diagrs. tables, refs. modification of the term in ur-tarity involving th~e state
(AFOSR-64--0369) (AF BOAR-63-79) AD 434524 N. The result shows that it io easiest to continue onto

Unclassified the unphysical sheet reached by encircling the normal
threshold in an antic!ockwlse direction and enables

Also s in Phys. Rev., v. 130: 2495- 2501, unitarity to be replaced by a system of simpler equa-
June 157P83 tions. The refult is understood in perturbatioai theory

and is presented In terms of a specially Introdaced path
The cross-section for the I nelastic- deuteron scattering notation for unphysical sheets. Although the a,ýgument
process Is calculated using a semirelativistic approxima- is mainly restricted to 2-particle thresholds, tt permits
tion. The final-state interaction between the outgoing the analydic continuation round the lowest 3-pa.'ticle cut.
nucleons Is est'mated using approximat', wave functions The difficulties In extending the analysis to multipa~rticle
derived from the Gautmel-Thaer potentiaL. The re- processes are reviewedL (Contractor's abstract.
scattering correction is found to lead to a deci case in
the peak value of the cross section, varying front about

-%at an electron momentum transfer of 1. 4F-1to about 48

-2% at a momentum transfer of 4F 1 . Various relativ- (-tmbridge Ii. Dep'. uf Applied Mathematics and
istic corrections are considered, and sin ambiguity in the 'Theoretical Physics (Gt. Bri).
normalization of the semirelativistic wave functions is
discussed. Finally, the neutron form factors are re HIGH~- ENERGY BEHAVIOR IN PERTURBA'AOWN
determined. THWIRY, by J. C. Polkinghorne. [19621[4p 1 tk*m.

diagra. (AFOSR-64-0528) (A EOAR-63-79)
485 AD '36360 Unclassified

Cambridge U. Dept. of Applied Mathematics andobIs~. 4iK Jo19Mt.Phsv.430.56
Theoretical Physics (Gt. Brit.). ar

The domlnant-h~gii energy behavior of a wide class ofON THE ANALYTIC CONTINUATION OF THE SCATTER- Feynman dlagr~me Is Investigated. Whefn the leading
ING AMPUITUDE THROUGH A THREE-PARIICLE CUiT, contributions 1 re summed, they are shown to give a
by D. 1. Olive 119621 1191p, inc. diagra. refs. behavior consit .ent with the Regge-pole hypothesis.
(AFOSR-64-C378) (AF BOAR-63-79) AD 434535 Series expanstons for the traj6ctory and residue of the

Unclassif led dominant Regge pole are obtained in this approximation.

A ,pished in Nuovo Cimento, Series X, v. 28: Cnrcor btat
Ts ,June 16, 1963.

The scattering amplitude Is analyzed cnw the sheet
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Caimbridge U, Dept. of Zoology (Gt Brit.). development, and -nany of the clutches laid are riot

S1`UDY OF THE DEVELOPMENT NITERIO
OF NEST- BUILWING S,1SI AAIS H
EFFECT OF ABLATION OF THE FOREBRAIN ON 431
AVIAN4 BEHAVIOUR. CROIYADFA E

([Final rept. 92( p nl rf.( OR 54
(AF 61(05 247) AD 280104 Unclassified EFFECTS OF FRIONTAL CORTE LESIONS ON

77* ~ ~ ~ ~ ~ ~ A Hc~lpetaditgrto fns-uings [ kills byjp reul inur an dI esrn f16]11.tc

stmui nd--ntolo te oronl tae.Secalaten A 6269Unclassified

tionlcmxningand enzeal neiv tyin pgen f andii on the
oftereproductive cevlopen of fml canarifsv tde.Tes VTSUA domnaio DofCi simulu preerneS bycor An Cohey

wasied asesen Stml fromfe theio mal tay Win-si [1neral [test10ing8
thepaats Ttar ofs dewahrio aesgne epeciicaly tn- pnrlovided

from the nest in~datc ieener a an for imnNabure, to 193:emat02aJan.lsi 20 f 1962

489 ~ ~ ~ ~ ~ ~ ~ ~~ o frqecpahwihvaiu taeiswrte aopthed
Iler apear tebe dicrea beweren th esuted

several mokypr Ipie nobjectdicmionareaore

HOLS O TDEpt ofL AooDy THE. NESU IN CX-polm .Raoved arudixlntoc Iciptludee
ThMOALLNTH REPRDUTIO N~ OF FEM ATCH DEClA- aecndptly wereoprodsed bypteis thet rnimals alest"ymto

NAMES, IAIE CAAUE.by R.P Wre.ad A. Hinde.[96 , 1 p resulo ndt an flashoflighto masinotai abolecished Itison-
tcil.111ag. refs .fief 6(A51l 61(0a297euedtht a b rmoe

UnTie Inlunc the monke wtleu ardnid af regiong faiite oota blind
progress ~ ~ ~ ~ ~ ~ ~~~ns interpodcieccl ffml therie VISUA l field. The7 iýmonkeYSb A. threoreyhe

Pbinspeding Ibis, asese 104: ul 90-9 m tan. male very infe-n from2 manip inO 2 this rese(05 th7c185) io
flomce~fo the stsarta ofio is--ter o far frotinl ilear FUncthiferdcI A~~~~~~~funt attem occureencmae tof netrdace the thfema)1-lcure.tohsooi n eairleprmnsaei

Stiml frod atche deaomen insome defethiati, and tAlases probresse inn effatutoresolve 193: p02rJa.2,em 2

haIle viiual occurs as theu breeding haree progresses.

Ca~~~~~~~brio a~rdge U. Psychf 7_-ologic(LBI).svrlmots adte aulabr(i poecin. ara. e
Theove bilaterall reaton betee the los ofir featpirsl 49be

It~~~~~~~~~~~~rmvd Vista ficelar thatct toe expected bete baeshbrdahwpN HPOAPSONBHVORINTE 1es
TEMORAL RELAT~tsION v OisFlt inOO their reEO- an oiio eeproductidE byces btLheizn L.Mblv andml' C.ilitGroa

ADhiski Unlasiie ensre bye providin subtotima prdreedirginattoagId
me110 intevsa t~L7h okymyteeoeb
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'1962! 11ýp ir.-l. lbus. diagrs. refs. (AFOSR-41801 495
:AF 61(052-)185. AD 632630 Unclassified

Ciambridge U, Psychological Lab. (CA, Brit.).
Also puiblished In Brain, v. 85: 487-504. 1962- IULILSOSI PCb rgr.192

The effecL, of stimulation of various regions at intensities [4t cin. tubs. diagre. (AgOsR-J59 1 AF EDAR-61-

b-low th h esodfor overt motor responss was 13.1 AD 40009 Use w. 15:e

sulcus princlpalis. During stimulation. performance
approached chance levels: (2) Unilateral stimulation in Some of the env~roorzerrtal ondltIour expected to spice
thc region of sulcus principalis produced a signiticant are simulated in the laborato). 7 to tez.. heir effect on
and reversible deficit in delayed alternation. -Athough the visual perception of Man, F-VetitgXtion are con-
uiie decrement was not as p-east as that produced by ducted on 1gzrceptually reversed lattice figures during
btiatcral stimulation; (M No such deficit was obtained movement, object ambhiguity, effv-cts of oblique lighting,
from stimulation Mf regions near wtulcus arcuatus: 4M No and reversals in depth. Results suggest L' manned
effect of frontal stimulation on autditory discrimination space operations wili be subject to inconvenience and
p*-rformance could be found. iý'f Hippocantpa1 stimulation error arising from visual illusions. With all Its limita-
-had a slight effect on both delayed alternation and auditory V -ms. the perceptual system of mant appears to be far
discrimination; and i6) Unilateral or bilateral stimula- mere efficient at Identifying objects ag~ainst a confused

n-nzear sulcus principaLts produced a decrement in b-ickgreund than any instruments yet developedL
...- speed w-ith which object discrimination t2as were
solved. No such decrement was obtained for the moore

,f~cult 2-dimensional pattern discrimination problems-. 496
'~tatrsabstracti

Canibridue U. Sub-Dept. of Vetertznary Anatomy
:G-,. Bi

UNI T ACTIV TIT I N THlE HYPGTEALAMVS ANDW THE
~antridze U_ Psyc.1ylogical Lab. :Gt. Brit- SYMPTHE '1C -RESPONSE 10 HYPOXIA AND HY PE R-

fAP-NIA. by B. A. Cross andt LA- &,Iver- '19621
7-.:DENCE FOR DIS90CIATION OF IMPAIRMSENT ON m 9 ptci_ *Mis. refs. ,AFGZ-R-J839) iSponsored

MI) TORY JIASCHIMNA ION AN'91 DELAYED RE- Mointly by A-zr Force Office of Sc-ientfic Research under
_PcRNSE FOLLOWI1NG LATERAL FRONTAL LESIONS AF 610J121-301 and Public Health Service) AD 41651*5

NMONKEYS. by C. G. Cross and L. Weiski.ant7L Unclassified
:9?62_ .24ýp. :ncl, diakra. tables. refa. (Al 611(52)-
P5. AD 63 2531 :n'rclassifled -Also trub!!ahed i: Exp~er. NeuroL. -.- 7: 373-3-53. May

Pj:bItshed in Ex;per- Neurot.. ,. 5: 453-47G. jzrne 1962.
T'he activity if 232 neurons in the hypothalamus and

m-~pa-.rments on both delayed- response and auditor7- ;ther forebrain regions was recorded with stereataxically
"sc~mintio takshave been repor-ted to follow lateral oriented steel m~croelectrodes in rabbits udrlight

frcnta1 cortical lesions in nionkt-s. The present stihy urethan aneesthes2i.Inhalation of N2 or N20 for 10 to
~s rimril cocered ighthcreltioshi ofthee 23C swec reduced brain oxygen tension by 30 to 9014 and

dieficits. Three x-onkeys received ablations of sulcusacertdth rngaeof21fnurstsed
p=i ncipalis- 3 received ablatioins of lateral frontal cortex Slowing to hypoxia occurred in 36c. Inhalation of 801
excluding sulcus principalis. Acquisitivn and retention 002 and 20~ 0 2 for 4ýto 15 sec elevated brain oxygen
ofa-.d!tory-discrimination. de~lvted- response, and

r.s-cal- discrimination t-zz by the 2 gruop wer com tension and 901 of *te neurons tested gave a response
pared. S=lcus principalts lesions produced greater ito- to this stimulus. In --he hypothalamus. 31 to 46 neurons
paiirment oai the dela-yed-response tasks. The lesions were accelerated by hypercapnita. A high proportion
sp.aring sulcus prijicpalts produced greater impairment of~ tested ncurins in the posterior and lateral artas of
on the auditory- discrimination %asks. The performanice the hypothl~amus were excited by hypoxia. bypercapnia

ft~he groups did not differ on the risual-discrimination anid pain or au~ditory stimuli. In addition to the effects
za.T'hese results suggest that the delayed- response on neuron f irn, hypoxia and hypercapnia produced a

def iat and the deficit in auditory discrimination that rise in arteria~l pressure. bradycardia and an activation
fiolio, larg~e frontal lesions may be dissociated by smaller of the electrocorticovramn Similar changes. were
fro-lal lesions. T'he results co~nfirm that th focu for elicited by electrical stimulattimof the sympthetic Zone
I -pat, rao on tesr of1 the delayed- response type Is in of the hypothalamuus. It is suggested that the cerebro.-
thie region of sulcus principalis. The experimental daeta vascular supp)lyv may be regulated in part by sympathetic
do -uot indicate the focus (if any) for the auditory-dis- aeurons in the hypothalarcus responsive to hypoxia or
crimination deficit, nor do they permit the definition of hypercapnia. (Contractor's abstract)
the nature of this deficit. (Contractor's abstract)



AIR FORCE SCIENTIFIC RESEARCH

49W resppunse 1) the varicus stimuli cz?'t 4o4nuted. Resultsf
Indicate miat the i ervix wras the .ufs~t sennitive site and

Cambridge U. Sub-Dept. of Veterinary Anatomy with few exceptions neurones respondin to genitall nttm-
(Gi Brit.). ult were also affected by one or more otbmr sensory

mnodalities. Some Interactions P-ted were: one stizruii
UNIT ACTIVITY IN THE H YPOTHALAMULS OF THE suppressing the response io ano'ber, and a g_-adual loss
CYCIC FEMALE RAI' EFFECT OF GENITAL of response to cervix stimulAtion produced by the glow
S7TIMUU AND PII3GESTEIR)NE. by C. A. Barraclouigh intravenous injection of prc%-estero*ne in propylene glycol-
and B. A. Cross. 1:19 52121 1p. incl. th~us. diagrs. Control injections of propylene glycol were without
tables. refs. (AFOSR-JS53) (Sponsored joint'ly by Air effect.
Force Office of Scientific Research under AF 610'524301
and Public Health Service) AD 415825 U~nciassified

499

% she InJou- Edocino- .v- 6- 59-59, Carnegie Inst. of Tech. Dlept- of Mathemattes'
Pittsburgh. Pa.

Unit activity In the hypothalamugs and other diencephalic
regions; was recorded with sfereotaxically oriented steel BOUNDS FOR THE SOLUTIOAZ OF A CLASS OF NOIK-
microelectrodes in adult female rats under light urethane UINEAR PARlIAL DIFFERENTIAL EQU.'TIONS. by
anesthesia. Spontaneous firing rates of n.-urones varied Z. Nehari. :1962"~81p. (APOSR-3342) _AF 4W638)227,)
from < 1 10 sec to 50 see. but the niajority fired at AD 447673 Unclassified
1-10 sec. Some variations in the pattern of firing are
descr bedl. Acceleration of firing rate was most readily Also publishee in Pr9oc. Amer. Math. Soc.,* v. 14: 829-
induced by pain stimuli (641 of neuronesi .nd then by cold 836. Ocit. '1
(E0D6), probing the cervrix (477';. smell (20'). light ,(5-')
and noise (31b) in tbat order. A minority ofneurones we-e Let u be a soluian of %a a-_ V=1 in a sphere S:
inhibited by the stimuli. Many neurones responded t-- X 2 x2 r2.
s,!ýeral different stimuli, most commonly by acce.,,, 

1gn r.The author obtaIns baiund for u
to cervical probing, cold and pain. Inhibitory conveý --see at an arbitrary point of S for certain classes of functions
was also observed. e. g.. blockade of the response to f. An interesting special case of his results is the fol-
c*--vical probing by an olfactory stimulus, and Inhibition lowing upper bound for u(0): if log fit) is nondecreasing
by cervical probing of the response to cold or pz~n. The 2
proporton of neurones excited by smell In prooestrous an cove for all r,. then dt ftt) C r 4n- (Math-
rats was more than double that In, oestrous or dioestrous Rev, abstract) ufol
rats. Oestrous rats had relatively more neurones; which
were unresponsive or inhibited by 'the test stimuli, Slow S00
intravenous injection of 400 at g.progesterone induced a
selective depression of the rpspozia- of lateral hypD- Carnegie Ins,- of Tech. ;Dept- of Matheniatticsj
thalarnic neuro)nes to cervica. probing. The effect was Pittsburgh, Pa.
maximal at about 30 min and ful. -ecovery occurred in
1 hr. The possible signiflca;.ce of these observations ON AN INEQUALITY OF LYAPUN3V, by Z. Nvnarl.
is discussed with particular reference to the neural j196-2j I6). (AFVSR-3343) (AF 49(638)12X?)
control of luteotrophin secretion. AD 414029 Unclassified

Als !rtshed in Studifes in Mathematical Analysis and
498 ee 6a ed. by G. Szega. C., Loewner and

others, Stanford V. Press, 1962, p. 256-261.
Cambridge, U. Sub-Dept. of Veterinary Anatomy

(GL. Briti. Using the methods of study of positive mattrices, the

NEROUSANDHORONA INLUECESON HEfollowing result is derived. Let aik xi UI. k u. )

NESPONSE AND SINGLE INFTHLAUE CNCES ONTES he continau functions of x In the interval a x t b. and

'10 GEVITAL S71MULAT1ON IN THE RAT (Abstract), by be -x j sk(xydx. If the systew of differential
C. A. Barraclough and B. A. Cross. 1l962' 1k 11 lp- '4~s A11 lka
iAF 61(052)3011 Unclassified equations 3r(x) = 'S I ai Tkxyk)(I=1.. nha

Presented at annual Cost, of the Society for the S ouio 1 x .nudytchta vryfnto
of Fertility. London (Gt. "rt. .. June ri-30. 1962. Y)has a zero in a.bl (but does not vanish there

Identically), then one of the rooits c4 the equation
Published in Jour. Reprod. Fe til L, v, 4: 213, Oct. det 'Aik-X %ik' 0 is larger than unity. This result is

then us. I to derive, besides another. the following
Microelectrodes were placed in the lateral hypothalamic important theorem. Let p I fx% be real and continuous in
area, and impulse activity in individual neuroi*s to a z x s b. If the differential equation A.P XV1-1
genital and sensory stimuli were &isplayed on an oscil-
loscope and simultaneously recorded withi commentary ..- p,(xiy 0 has a rtrn-trivia solution v(;0 that has
on tape, The amplitude. waveform, and firing frequency n zeros i n a. b', thenz in Zkb-ain-k ab: v~x) dft

of~~~~~~~~~~ 30.ernswr ntedsdtepretg 0 This result is the analogue of Lyapunov's
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"w'eit-Xkvnu result for the se•Lcd-order equtt.un y -503
ti. y - e. that if t.x is continuous `.n (a.bi and it*re U&
a su!!uflo 7x() '••it vanishes at 2 poi:nts of fa. o'. then Crrnefie Inst. of Tech. Memalr Research Lab,

P1x) satisfies .he inequality ,'b-af ; 3 'p(x;'dx 4. Pitusburg-, Pa.

(MatI Re-v. abstract) FART. .XCLEA2 .O- ANI)D GROWTH IN EDTIOSITION

OF METALS FR•)M VAPOR AND OXUD3IATION OF
ALLOYS. PART 11. THE THERPMODV',NAMIC PFC9ER-
11)5S OF SOLID GOLD-NICKEL ALLOYS AT 775-935'C.

Carn,•,e Inst. of Tech. Dept. of Psychology. Pttsburth, by R. D. Gretz. G 34 Pound and othern. Final rept.
Pa June 30, 1962 137)p. incl. diagrs tailes, refs.

:.4F06R-3007) (AF l8(e0015721 AD 278068
THE EFF.CTOF SYSTEMATIC AND NONSYSTYr.C Unclassified
PRESENTATION OF STIMULI ON PERIPHERAL ISUAL
ACUITY. b. It W. Karn, L. W. Gregg, and G. F. Pitz. P.," . The tn.e required to build tp a cntical con-
E19117k in d~agrs, tables (AFOSR-29) (A? •9- centration of •adsrbed Ag on a tungsten substrate has

13CS770) Unclassified been measured for z-veral impingent flatcs. The fol-
lowing c-nclusions have be-n made from observations:

A"sr, ptuiished in lour. Psychol., v. 53: 491-497. Apr. f I) Ag increases or decreases the work ftuction of the
92. substrate depending on witch area of the substrate is

observed. (2) Work function charges due to adsorption
The present Investigation Is one ol a series of studies are the same for all impingent fluxes used, but occur
concerned with the role of experlenatil variables on the either sooner or later depending on whether the flux is
perceptual response. Viewing the acuity response as large or small: (3) Ag diffuses to the side of the sub-
a perceptual phenomenon, the present expertmeet was strate which is not in the direct path of the lmptungent
designed to determine the effect of specific perceptual beam: (41 The initial site at which nucleation occurs is
cue on acuity measures in the peripheral retina. The approximately the (310) plane of the substrate; (5) The

critical ieature of the experiment was the systematic apparent critical concentration of adsorbate required
and nonsyptematic presentation of acuity targets at to pr-oduce nucleation decreases with increasing imping-
Si-an-in; exposure times. Differences obtained on sys- ent flux, tending to an asymptotic value of 1.5 x 1014
S. temaiic vs nonsystematic modes of presentation would 2
ndi~cate the p:esence : a specific experiential factor atoms cm sec; and ;6) The true critical coaceufratiol

contributing to the perceptual act. The main conclusion required to produce nucleation is the same wr all fluxes
drawn for these experitments is that, when called upon to and Is 1.5 X1014 atoms cm2 sec. Part ft E mea

make a -i zual acuity response, S will resort to behaviors urements have been made on 10 Au-Ni alloys at tempera
which experience has shown will 31e1i a maximum reso- tures 7715, 825 -, 900 -, and 935 C. The derived act;vi-

lation of vis.-al detail. Thus. the superior resolving ties of both NI and An show large positive deviafions for
power of the cen-tral over the peripheral retina causes Raoult*s law. The enthalpies of mixing are positive.
S to view peripheral stimuli centrally, and prior knowl- and both the free energy and entroy of mixing are
edge of stimulus loct facilitates the perceptual act positively in excess of the ideal values at all compost-

tionst These results are consistert with the miscibility
gap in the system and are qualitatively interpreted in

502 terms of the large size difference and electronic inter-
actions between Au and NI. Tabulated values of the

Caregie inst. of Tech. jDept. of Psychology; Pittsburg-. activities, free energies, entropies, and enthalples of
Pa. mixing are given in the appendix. (Contractor's abstract,

PERCEPTUAL RESPONSE AS A FLNCTION OF THE modified)

SEQUENT±AL PMOPE RTIES OF MULTIPLE VISU AL
STIMULI, by L. W. Gregg and H. W. Karn. 1962] 504

in. incl. diagrs. tables. (AFOKSR-2913) (AF 49(638)-
770i AD 414297 Unclassified Carnegie Inst of Tech- -Metals Research Lab-

Pittsburgh, Pa-
Also pbllshed in Jo-_,r_ F-xper, Ps -chol.. v. 65: 124-
130. Fe.19 NUCLEATION IN THE SOLIDIFICATION OF METALS.

by G. M. Pound f195j7] I p- incl. diagrs. table.
Circles located at the poir ts of a triangle were differ- refs. (AFOSR-3591) (Sponsored jointly by At z Farce
entnallr loaded with runs uf dots and no dots averaging Office of Scientific Research under AF 18(00)1572,
2. 4. and 8 tr length. Different combinatioms of loading Office of Naval Research, ard United Ez.ne,•e"ng
and location were tarchistosccpically presented to 3 ex- Fourdation) "nciassfi"
permenta: groups with a c 3ntrol group receiving random
dot and no-dot combiaations At all locations. Expert- Also pulished in Se!atrnar on Liquid Metals and
mental groups performed significantly better in terms 1i=f &tto. Chicago, 1l1t (.%4av 2-8. IS57), Clevt-.r-4d,
of error reductico than did the control rgoup. however. Amer. Sr- jr Metals. 1958. p. 87-..iii
variance analyuts failed to show "-n effect of run length,
per se. Despite the statistical res'ilt, an effect of run For abstract see item -a- CAR- 08:007, Ve.t IT.
length is suggested by an nalysm.s in which straight lines
were fitted to tte data by the method of least aquares.
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505 During the cemitcal poltshirg, the sample Is rinsed
fret~..en*s in runnting water. Polishing in this manner

Carnegie Inst- of Tech Metals Rebearch l.-lb for 4 -n!n is sufficient to remove the strained material
Pititsbu~rgh. Pa- from trip rrevious3 polishiag operanons. '.Me arrut:it of

mte~trial removed is approxtwaately 4 u min'. 'In sur-
THERMAL *TCH PITS A'? DISLOCATIONS IN face' 66tined is flat and free 4f pits. If the Soltit-in
UTHIUM FLUORIUDE. by T. Effima. J. P. birith. And employed Is of tomiroPer ITC(I contert. an i nterfa, color
W- IL. Robinson. Sept 10. 192 AJ~kSR-958-- f~naim fornm en th.c samole. Th~s film can b,,
(Also bound with its AFOSH- 399-4: AD M303tS (AF A9 elther by swabbiztg with a cotton bxall saturated '

(638)5511 t'la~ssifledortho-phospioric acid or by wipm!thclb surface .'.
rurmni -g 'water with a soft tissue

A study of the theral etchin A liHIuM= fluoriie has
shown that. tinder certain coditirl.sa of temoperatLre,

pressure, and time, ttier.-ul etch pitIs can. be produced 50&I atdirlocation sidea on t+he surface ef lithiurn fluoride.
The doepeniti-ce of the pits on tmrse condItions and their Carnegile Inst- of Ter-h. M-?W:N Research Lab..
developmernt is correlated w'tb the theory of crystal Pittsburth, Pa.
:11sooludon- The eidstence of the theri'-al etch pits at
dislocation xsites ha-. be-n correlated wit:, chemical etch ETCH PITS AT DISLO)CATIONS IN SILVER SNL
pits farmed at dtilocatt-,n s-s thuufluoride. A CRYS TALS. be H. J L~ev, nsteý n and W. H Ro-bl nson.

treatment of the nucleation of a &isc.- sh~aped hole in a la 1962-4ýp, inc, -.!;us. refiE. 'AFOSR-JI5 1AF 49-
Index surface at a disiocation i.s i638a,55l ALD a-i.7l4 unclassified

Also purilished I.- Jo. -. Appl Phys..% 33- 3149-
506 31-.2. Nov- 1962.

Carnegie Ins*- of Tech. Metals Research Lab-, A chemilcal etchin~g solution has been found which resi,:ts
Pittsburgh. Pa.-oec i omto td~o~~5 h ~ a .4-1

surfzces of silver ine cy-retals. Etc!: pits -a small as
MCECHANISM OF EVAPORATION OF METAL 3ot0 to 2WOA m'av he :.hiained !n the 'Ill1 S-- ace .f
CRY-TA*L.S, by W. R. Robintson. Fin-al rept.. Sept. 10. s!tver permiteno uhe observanlon -) dislo-cation.d &nfsi-c
1962'65!p. incl. tMus. di.agrvt tables, refa. iAF0SR- of as high as 10 2e M b sli had!4t~ructut.~

394 AF 49(633i551' AD Z-0305 Colsi~dof deformed stiver nras been cxminedw it s nrchmqu

-he objettive of this ressearch is to del. rmtne quanttta- tacnrd haibstract'ob e~uar-- perac. ,

tively the eiaporation rates frum- single crystal andabtct
polycrytaul metal surfares -s ,. function of nine. temper-2
tUwe. crystal orientation, and degree of crystli per-fec- 509
tion. Results nt-c compared with theoretical prediction.
T'he method of investigation includes a stud) of thermal Carrcezie Inst. of Tech. Metals Researclr Lab..
etching with the formation of etch pits at the sites of Ptttsburdi, Pa.
dislocations in the crystals. This aspect of the study is
correlated ldth x-ray studies to determine crystal per- DISLOCATION CONFIGURATIONS IN DEiXOP.MED
fecrion. SELVER SINGLE CRYSTALS. by H.ý J. Le-i-nste-n and

W. IH. Robinson. Sept. 10. 1962 133,v tntl. tilus.
dlagrs. table, refs. tAlso bound with its AFUSR- 3994:.

507 AD)2D0305' IAF'4iýW38551- Unclassitled

Carnegie lost of Terch. z Metals Resea rch Lab.: Pub'is!-ed in The Relation cletr-een the Structure and
Pittsburgh. Pa. NfectlawcFPropervnes of Metalsi Proc. -1 the Con!

Teddington (C-i. lirit. (Jar.. 7-9. 190% London.
A CHEMICAL POLISHING TECHNIQUE FOR SILVMt Her Majesty's Stationer-. Office. v,. 1- 17.9-2103. l1963
by H. J. Levlnstein and W. H. Robinson. -1962; :2ýi
tacl- Wits. (AFI2SR-44-75i tAT' 49f638)551) Oliver- single crystals oriented !or Eta Ige slip were de-
AD 295954 Unclassified formed increme'ntaly in both stinple ,e!ear and tension.

and the dislocation arranzements wTcr observed after
Also published in Trans. Metal-. Soc. AIME, v. 224: each increment of stratn by optical exar;m-ation of tbe
12OF-10. Dec 1962. etch p, tted surface or bv m mzrin.g rep! cas of 'bese

surfaces by c~ectron microscopy. In add!!.nn acrne
A method of ctheznically polishing Ag for metafllographic beiaonwremdonpemnsefmdi-
esamination has been developed. The samples are pre- compression. for a igiven specime.n, set er-al trncr-emrents
aared by polishing on 0. 2 0. 3 0 paper. They are 'he, off strain were made durnti Sta5-e I t;! the def-orrr~atoor.
p~olished on OOC micro-cut paper. foilowe, !-. a ftinal anid also during stage II. Stage I is ch tradby
mechanical polish on a cloth containing 5 u diamond4 slip bands consisting of clusters of dislocattanu 'tetch
paste. The samples are then chemically po'ished in s a,-c cellular In appearanrce. that ts regizons having hlgh
solution of 100 cc of saturated chromic acid and 5 cc of dislocation density arranged In cezllwail. o'r b;--,t4ais,
a 5l;H471solution. The chemical proitslng is performed surroundi-zg regions of very low dislocition 3-nneity.
by swabbing with a cotton ball saturzted with ihe solution. As deformation in szair- I progressed, the nainter- of
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S*-P bands increa-ied iihl- the widt! of thie bands re- o'¶ L. Falicov. The connectivity of the hole arms along
tr~andr tllcotata siededigoth ith hexagonal axis due to spin-orbit c3upllng as discussed
......al dislocatifin density of the as- groan crystal. Stage by Cohen and Falfcov, does not appear to be present at
1! of the deformation curve began wnen the- entire gauge these magnetic fields.
:ength of the Spec' me.. had acqut red a uniform cellular
array of dislocations jf "tie same density as in the slip
bands occurring - 'tia U% '. stage 1. The cellular arrange- 512
!Lent Of dislocatione, Persists tilroug-hout stage 11, the size
ot the clusterrT decreasing with !ncreasl:2g strain. Case Inst. Gf Tech. Dept. of Physics, Cleveland, Obio.

OSCILLATORY MAGNFEI'nC BREAKDOWN IN ZINC, by
;10 R_ W. -tark. j1962j 4!4p. incl. diagirs. tAFOSR-J56i

(AF A1.VSR-62-222)i AD 412694 tUnclmssilted
Ca~,c inst. af T-ch. ,ltvpt. df Physics' Cleveland. Ohlo-

Also pjublished in Phi's. Rev- Ltrs., v. 9: 482-485,
LOW TEMP RA'r'RE 311 !DY OF THE ELFC17FjONIC iri,1~
BAND STRt:X7TVRE 0F .tETA!.S AND THEIR DILUTE
ALLOYS, by W, L. &- !an and T. G. Eck- Final rept. The results a' transverse wdagnetoresistaxice studies of
'lan. 196-2 42n., tncl :llus. diagrs. refo- (AFOSR- sing!- crystals of Zn are reported- An argument ts
V041. (AP 4iiNFK;6Z1: Al) r.3018 Unclassified given to infer ftht periodic maguet~c breagdtiwn

occurs, which accounts for the large amplitude of the
Th-e uriginnal-~ecive of this research was to *rvestigate Shabnilkov-de Hlaas effect. The part played by (fe

heband strut t-re --f sever-al pure m-etals througi. the* needle portion of the third band electroin surfac, ~A
com~bined tec naquctv A de liaac-van. Aiphen ttJHVA1 effect discussed in detail.
and cyclotron rcs-j,.z -xe of the type suggested by Azlbel
and Ka,'r- Witt, ti i snft'r=!aion available, it iaas
i'aped thai DINA 3tiudtets fn suffictentlyv dilute alloys of 513
these metals woiz" I p-rmit a study of the changes in band
Str CctUre with all -iing. A comhinalioni of interesting Case Inst. of Tech. 'Dept of Physics] Cleve-land. Ohio-
and useful re~tiltstýn pure metals togi t'.er with difticuitv

preparation of inetallurgically tru.4tworthy alloy single GALVANOMA6NE'IIC PROPERTIES AIND FERIM
ervstasI led to a shift ef emtphasis t.) pure mewas. At SURFACE OF ZINC fAbstract), by- I W, Sta~rk. [1962J
mne same timne, another tool for sit dying band structure 111P. [Ar AFOSR-O2-222i Unclassified
ý;s emipioveti galvanomagnetic effects, particularly
t:-E- variation with magnetic field i trength of the compo- Presented at meeting of the Amer. Phi's. Sot.,
-:cnts of electric field par-allel ar'4 transverse to the Clevelanid. Ohio. Nov. Z3-24, 1962.
t lcctric current in the lim-it of high magnetic field.

Published In Bull. Amer. Phys. Soc.,* Series TI. v. 1:
34-6. -NT-3 1962.

A d-talled investigation of the galvanomagnetic proper-
Cast n~ of Tech. Dept. ef Physics. Cleveland. Ohio. ties of svveral single-crysta speclemens of Z:% has

been completed In magn etic-field strenvgtls of 2300 G.
NIAGNETV)RESISTANCE INV'ESTIGTIiON OF THE These specimaens all had residual- resistance ratios
FERMI SURFACE OF MAGNESIUM. by IL. W. Stark. (R Ix ) of 23000. -he results of this Invrestiga-

T. G Ecandthe.s. 196,,'ýp. nel d~rs.30VT 4.2-YT.0 Ekan th~. 92~3 It. iigs tion indicate that the rermi surface of Zn supportts
AFFOSR-3120) (AP AFi)SR-62-222) AD 613857 d~-~bnso pntaetre ln h 0~l

vncaasfle [111., .nd 1112D' directtcns. An ntditlc-a! soli-d aungle
Presented at meeting of the Amer. thys. So. !o4 maimetic- field directions; within 1. 3 of 'the. taxis

Fla!timu~re. Md M 1ar. V29,23 19ý2, Produces open trajectories para-llel to the basal plaie.
flits same small solid angle of magtcetuc..field directions

Abstictpublshe in all Ame. PivsSor, Seiesgi ves rise to de Haas- Schubuiikov osci llatiops tn thed
AbTrc lihdi 1ul, Am11er. Panes.)o.Ste transverse magnetoresistimce, wtich aSe of uneapeciedly,

II u 7: 31. ar. 6, 962 Ti~l vares1large amplitude. The data. Including tme large amplitude

A:--, p4,lisheui _. Phi-s. Rev. Ltrs . v. 6: 360-362, of the de Haas-Schbubakov otirillatitsas, can be explained
1962.on the bas's of a freo-electron model for the Fermi sur-

face Of Zn modified to Include magnetic b-eakdwu
A dcUfdstud ofthe ranvers wan--trei~anc ofeffects between the second-baad hole surfiace and the

se-u eral single- crystal specimens of magn7esiumt has rdzAel;cisufeschatoearay
"n mad in _ls. ~p to 22000 gauss. The residual- ~ oboe rved un Mg.

resistance -attjs;P K H4. 'K (if these specimens

cer intherage froam 450 to 900- nT, re-illAs of this
.s.ud; 2r., tn. agreement with the gross featlures reported
i-% Aleltsee-,skiti and Galdukor Results art !nterpreted

:,ernis of the nearly- :rew- electro- model oýf the Fernu,
eiface as modified thi the unpublished Dand caicu~arinn
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514 Published in Ann. Madh. Slat., v. 33: 1491-1492,

Cane lnsý of Tech. 1Dept. of Physicsi Cleveland, Ohio.
Three tables of the ctmaulative non- central chi-square

LOW- YIELD de HAAS- -ai ALPHE• STUDIES OF have been computed. These cover a range of values of
BERYLLIUM (Abstract, by L. GensbN 19621 {lip. non-centrality parameter from 0 to 34 and of degrees
IAF AFOSR-62- 222,' -LISfied tf freedom from I to 100. Further, the powe- of the

non-central chi-square distribution has been computed
Presented at mieeting of the Amri - Phys. Soc., for selecied values of alpha ranging from 0.001 to 0. 1.
Cleveland. Ohio. Nov 23-24, 1962. The construction and use of these tables is discussed.

Published In Bull. Amnvr. Ph"y. Soc., Series II. v. 7,

Portions of the Fermi surfac.- of Be have been studied Case Inst. of Tech. Statistical Lab. Cleveland, Ohio.
by de Haas- van AlFhen methfw kin magnetic •eh-ts up to
23 kG o rr ,the temperature .- , -e of 2ý to 4.2-1. A RECURRENCE RELATIONS FOR THE FIRST TWO
null-deflection torsion balance was employed to present INVERSE MOMENTS OF THE POSIITVE BINOMIAL
automatic tecsrdl•g of the oscillations in the diamagnetic VARIABLE, by 7 ,ovindarajulu_ May 1962, 6p. c1-.
suszzeptbility as :, function of field. There arc 2 groups table. (Publicativs. no. 1063) (AFOSR-3162) (AF
0f strong osciliations present: one having maximum APOSR-62-72) AD 285527 Unclassified

per1d 9x10 G-1 arising from nearly cylindrical
sections lying in the basal platne. and the other corrk- Also published ir. 'our. Amer. Stat. Assoc., v, 58: 468-
sponding to 2 extremal portions with maximucm pert(c ds 473, June 1963. (Title varies)

of 10. 2 % 108 and 10.5 x 10-8 observed with H alo,-, Recurrence formula for the second inverse moments
the he~gRnal axis i, cr wils of sufficiently higi- p-z~ty of the positive binomial variable was derived. The
(P 3 0 0 R4 .2,K of 200 or higher). Other grotips o method of obtaining recurrence formulae for its higL,.

oscillations appear with much lower amplitude. A moore inverse moments was indicated. The c-amulative rounding
complete description is presented of all the FerL-i aair- error propagated by using these formulae recurrently
face portions observed. Preliminary results Af other was considered. Bounds for the propagated rounding
investigators also show isolated periods in thcse ranges. error were obtained. By comparing some of the mo-

ments evaluated by the use of recurrence formulae, with
the true values, It is roted that the rounding error in-

515 volved In the firat 2 inverse moments will be at most I
unit in the last decimal place and the error will be

Case InSt. of Tech. [Statistical Lab. , Clevela.nd. Ohio. practically zero whcn p is large. (Contractor's abstract)

EXACT POWER OF SOME TESTS BASED ON A
GENTRAUZATMON OF MOOD'S STATISTICS (Abstract), 518
by F. C. Leove. 1. M. Chakravarti, and G. E. HaVeam.
[1962] Fljp. [AF 49(638)361] Unclassified Case Inst. of Tech. Statistical Lab.. Clevelaud, Ohio.

Presented at annual meeting of tl. i:it. Math. Stat., THE FIRST TWO MOMENTz OF THE' ft2;CTROCAL
Minneapolis, Minn., Sept. 7-10, 1962. OF THE POSI0IVE HP C;FXMi'F.UC VARIABLE. by

Z. Govindarajulu. May IPQ [jei]p rn1_ tables.
Published In Ann. Math. Stit.. v. 33: 1496, Dec. 1962. (Publication no. 1061) jAF..FR-3i63: IAFAFOSR-62-

72) AD 31730 Unclassified
The exact power of Jood's tlit based on the median ,-,'
c combitied samples is developed. The power fuctiou for Starting froi' th* definitions. tbo, first 2 inverse mo-
the median test Is obtatned for altet -atives of translations ments of a positive hypergeometric variable have been
of the exponential distribution as well as alternatives of computed accurate to 5 dec'mal places for: N = 1(1)20.
chlanve in location and scale of the rectangular distribu- M l I(1)N, n - l(1)M; N S:(5050, At N z 5%(5ý;)100%,
tion. These powers are compared with the 2-samplf n = I()M; N - 55(5)I00(10140, Mt+N = 5-t(5)100%,
case developed earlier. Tables of the power for selected r N (. K N) = 5i(5%)IG0T. Many theoretical results
values of a sample size are presented. of interest, recurrence formulae among the inverse mo-

ments, and various approximations for the first 2 inverse
moments have been obtained. The rounding error in-

516 volved in using the formulae re--'rrently, in order to
.-ompute the moments, is at most 1-2 units in the last

Case Inst. cf Tech. iStatistical Lab.,' Cleveland, Ohio. decimal place. The approximate values have been com-
pared with the true values for some sets of values of N,

TABLES OF NON-CENTRAL CHI-SCQUARE (Abstract), M and n. For large values of N and t., the Beta approx-
by G. E. Haynam and F. C- Leone. I`1 2 . imattons are accurate up to 2-3 decimvi places. pro-
jAF 49(638)361 Upclassified ided they exis. (Contractor's abstract)

Presented at annual meeting of the Inst. Math. Statr,

Minneapolis, Minn., Sept. 7-10. 1962.
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519 521

Case Inst. of ' -rh. IStatistical Lab. I Cleveland, Ohio. Cise lI.et. -f Tech. Statistical Lab.. Cleveland. Ohio.

EXACT YT'- LR OF 90)ME Th'O-SAMPLE AND) TABLES OF THE CUMULATIVE NON- CENTRAL
C-SAMlPLE NON- PARAMAGNETIC STATIS71CAL P110- CHI-SQUARE DISTRIBUTIN, by G_ E_ Haynamt Z.
CEDURES, I' v E. llaynazn. Doctoral thesisJune Govindarajulu, and F. C. Leone. Nov. 1962, 89p. tnct.
1962, 103p. ;icl. diagra. tables, refs. (Rept. no, tables. (Publication no. 104) (AFOSR-4620) (AF
lOF~4) (ACtSm-3164) (AF AFO)SR-62-72) AVOSR-62-72) AD 426500 Unclassified

Unclassified
Three extensive tables related to the cumulative non-

Expressions for the exact power of the 2-sampic Mann- central chi-square distribution are presented: (1) the
Whitney- Wilcoxor. U test procedure against alterratives power of the non-central chi-square distribution; (2) the
(if exponential and rectaigula. populations have been de- non-centrality parameter cf the non-central chi-square
ru~ed. Several examples for total sample Fizes of 11 and distributlon: and (3) the degrees of freedom of the non-
15 have been compared with Mood's median test. Mood's central chi-square distribution. Also, a short discus-
test is more powerful than the U test in all instanres in sion of thie errors invok-ed in the computation is pre-
which the number of observations from the null pc'pula- sented. (Contractf.-rs's abstract)
.ton exceeds the number from the alternative population.
The converse is true when the number ef observations
from the null population is less than the number from the 522
alternative. Expressions for the asymptotic efficne'cy
of the Mann- Whitnev-Wilxoxon U- test relative to Mood's Case Inst. of Tech. Statistical Lab., Cleveland, Ohio.
and Massey's tests and the likelihood ratio test have
been derived for exponential populations. The asyniptotic PERCEN7TLE POINT'S OF ORDER STATISTICS IN

efficiency- of the U tzst relative to the likelihood ratio SAMPLES FRO)M BETA. NORMAL, CalI (1 D. F.)
test is zero. Mood's and Massey's test procedures for POPULATIONS, by Z. Govindarajulu and N. W_ Hubacker.

2samples have been extended to the case of discriminat- Nov. 1962, 41p. inc. tables, refs. (Publication no.
mog among populations on the basis of c ordered vamrples. 101) (AFFOSR-4698) (AF AFOSR-62-72) AD) 296221
Expressions for the exact power have been derived for Unclassified
Mood's test with exponential arid rectangular popul-ations
and for Massey's test with exponential populations. If p.'r , I. N) denotes the oth probability point of the ith
With exponential translation alternatives, the tests are sma'!est order statistic in randon- samples of size N
biased. The exact null distributions of goodness of fit dr-aw :i from the Beta distribution. l,(cr , I, N) Is computed
4L its for 1- way and 2-way contingency table indicate accurate to 8 deci-nal places fLr K = 1(1)30(5)60, 1=
that even for samples as small asl10, the exact distribu- 1,11) 1 -!N-21 ando = 0. 01, 0. 02., 0.10. 0.25, 0.50, 0.75,
tion is closely approximated by a chi-square distribution .). S0, 0'.975, 0. 99. Also, the 25th, 50th and 75th per-
with the appropriate degrees of freedom. (Contractor's centile points of the Beta distribution for N 65(5)100.
abstract) . 101) 1 -IN -21 are computed with the same accuracy.

Using !he above values the percentile points of the
normal, chi (1 8. f.) and W-tbull order statistics in

520 samp es of sixes up to and including 30 are comp ited
accurate to 4 or 5 decimal places. (Contractor's

Case Inst. of Tech. Statistical Lab.. Cleveland, Ohic. abstract, modified)

REIATIONSHPS BETWEEN MOMENTS OF NORMAL
AND CM1 (I 0. F.) ORDER 3TATISTICS, by Z.52
Govindarajulu. Mar. 1962, 13p. (Publication on. '3G57)
(APOSR-3340) tAF AYOSR-62-72) Unclassified Case Inst. of Tech. Stetistical Lab.. Cleveland Ohio.

)'ormulae expressing the (regular and mixed) moments BEST LINEAR UlBISE ESTIMATION OF LOCATION
of or~er s.'10stics and expected values of the quasi- AND SCALE PARAMEIFRS OF WEIBULL DISTRIBU-
ranges in samples from the standlardi normal population, TION USING ORDERED OBýSERVATTONS, by Z.
purely in terms ef th~e moments of order statistics in Govindarajulu and M. Joshi. Nov. 1962, 37p. inc.
samples from the folded- stardard- normpAl population or table3. refs. (Publication no. 102) (AFO)SR-4699)
chi-population with 1 d. f., have been derived. Only (AF AFOSR1-62-72) AD 296220 Unclassified
certain moments of chi-orier statistics; can be expressed
In terms of th, moments of the normal order statistics. Best linear unbiased estimation of location and scale
The cumulative rounding error Inv-olved in using these parameters of ile Wteihull distributi ons using ordered
formulae j-ecursivc~y, has been studied. (Contractor's observations of a random sample is considered. It is
abstract) assumed that the shape parameter of the W~eloull distri-

bution is known. For sample sizes op to anti Including
5. all possible censoring is considered. For sample
sixes greater than 5, one-sided censoring is caans 4 dered.
The coefficients are tabulated. For each sample size
and the value of the shape parameter, tl'e first row of
coeffielents corresponds to the best lnu~ar unbiased of
the location parameter and the second row of coefficients
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corresponds to the best estimation of the scale parame- Also published in Indus. Quality Control, v. 19: 29-36,
ter. The expected values and the variances of the Y-,.,-§927
Wetbull order statistics are computed accurate to 4 or 5
decimal places. For each combination of N and I, the Cumulative sum control charts based on sample variances,
first row gives the expected values and the second row and ranges are considered. In the case of variances,
gives the variances. Product moments and covariances a rather general technique is described which allows
are presented. The accuracy is 4 to 5 decimal places incorporation of results from samples of different sizes
except for sample sizes II and 12 where the accuracy In the same CSCC. For ranges, the usual case of uni-
ts 3 decimal places. Each column of values corresponds form sample size is treated.
to a certain r.lue of the shape parameter. Throughout,
the same values of practical interest are considered for
the shape parameter of the Wetbull distribution. (Con- 527
tractor's abstract, modified;

Case Inst. of Tech. 'Statistical Lab. J Cleveland. Ohio.

524 CUMULAT•VE SUM CONTROL CHARTS. MATHEMATI-
CAL PIUNCIPLES APPLIED TO THEIR CONSTRUCTION

Case lost. of Tech. Statistical Lab., Cleveland, Ohio. AND USE. PART Ill. by N. L. Johnson and F. C.
Leone. i1962: 71p. incl. dLagrs. tables. (AFOSR-65-

RECURRENCE RELATIONS FOR THE FIRST TWO 2603. pt. 3) (AF AFOSR-62-72) AD 6284,31
INVERSE MOMENTS OF THE POSITIVE BIMONIAL Unclassified
VARIABLE, by Z. Govlndaramulu. May 1962, 6p. incl.
table. (Publication no. 1063) (AFOSR-64-0206) Alsopublshed in Indus. Quality Control, v. 19: 22-
(AFAFOSR-62-72) AD4S3258 Unclassified 28, Aug. 1962.

Asp lishedn Jour. Amer. Stat. Assoc., v. u8: 408- An example is presented comparing cumulative sum
i473, June 196T (Title varies) control (Poisson and binomial variables) and standrad

range charts. Tables are given to aid In selecting
For abstract see item no. 517, Vol. VI. parameters for constructing a mask for control limits.

535 528

Case Inst. of Tech. [Statistical Lab. Cleveland, Ohio. Catholic U. of America. (Dept. of Chemistry]
Washington, D. C.

CUMULATIVE SUM CONTROL CHARTS. MATHEMATI-
CAL PRINCIPLES APPLIED TO THEIR CONSTRUCTION THE INFLUENCE OF WATER ON THE RATE OF
AND USE. PART I, by N. L. Johnson and F. C. Leone. TRANSMISSION OF HYDROGEN THROUGH PALLADI-
[1962J 171p. incl. diagra. tables, refs. .AFOSR-65- UM, by W. E. Reid. Jr. 1962, 50p. incl. diagrs.
2603, pt 1) (AF AFOSR-62-72) AD 628431 tables, refs. (AFOSR-4682) (AF 49!638)475)

Unclassified AD 408357 Unclass.fled

AIso plhed in Indus. Quality Control, v, 18: 15-21, The transmission rate of H2 through Pd was studied by
June 12.electrodepositing H2 on the surface of thin Pd foils and

The cumulative sum control chart (CSCC) is considered determining the evolution rate on the opposite side of
in relation to the standard Shewhart control chart. The the foils. The transmission rates were studied as func-
authors In no way contend that the CSCC will replace tions of current density and foil thickness for environ-
Wth standard control chart, but show that It has definite ments of dry H2 at I aim and liquid water respectively

areas of applicability. In particular, by comparison of on the diffusion side of the foils. The Pd loll separated
average run length (ARL) for different types of charts, 2 compartments of a Teflcn cell. The polarization com-
some indication to given as to the situations in which partment contained 2N H 2S90 saturated with H2 at 1 atm.
one system is likely to be advantageous as compared - a steady state evolution ot H2 from the diffusion side
with the ot'mer. It appears that the CSCC Is especially
well adapted to detecting abrupt changes In a parameter of the foils was measured volumetrically as a function

value (e. g., In mean or in proportion defective), of the polarization or deposition current I end expressed
equivalently as a current j. The resulting ccrves had an
initial straight line portion and N'ram, more horizontal

526 at higher values of current density. The reciprocal
values of the initial slopes as well as the values of

Case Inst. of Tech. [Stadstical Lab. ] Cleveland, Ohio. I jmax varied lincarly with foil thickness. The trans-

mission rates at the higher current densities for H2 at
CUMULAP VENSUP CONTALPCHATS. MTHEIR MATNST C- 1 atm on the diffusion side of the foils sere approxi-
TION AND USE. PART L , by N. LT Johnson and F.C. mately 3 times those obtained when water was on the
Leone. [1962] USE . Incl. diagrs. tables. (AFOSR-65- diffusion side. A comparison of possible mechanisms
2603, p[. 2) (AF AO diR-62-72) AD 62b431 for the H 2 evolution reaction on palladium indicates that

Unclassified the slow step .a this reaction is the discharge of

118.
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h~ydrontlui tons If H2 at 1 atm is on the diffusion Side 531
of the foil. the calculatedj value of the diff usion coeffi-
cient is D - 3.16z x 1.0 cr Sec at 25ýC. 'This value Cathoicngtof, A rica ,.y f _hm~i

tein good agreement wiLL the %value used by Barrer usasininng~C
the time lag n'czthod. If water Is on the diffusion side ON A FAfLf)I7A'IION OF CHARACTERISTIiC FUNC-
of the- foil. the calculated xAbse islD) 0. 42 x 10-1 m 2  110M8 W~itiH HAVE A FINITE NUMBER OF DERIVA-
sec at 25'C. (Contractor's at~stracti TIVES AT THlE OM4G1Y, by R. G. Laba and E. Lukacs.

,1962] [41p. (AFOSR-3626) (Sponsored jointly by Air
Force Office of Scientific Research under AF' AFOSR-

529 61-32 wan National Science Fouindation) AD 415195
Unclassified

Catholic U. of America. 'Dept. of Chemistry'
Washington, D. C. Alsoi published in Pub. Inst. Stat.Univ. Parts, v. It:

UF-224 192.
THE MAXIMUM RATE OF 2IIlFFUI.ON OF ELEC-
TIH)LYTIC HYDROG0EN THROUGH PALLADIUM AND The following theorem is proved: If f(t) Is a character-
PALLADIUM-SILVER ALL!IY DLAPHRAG!.S. by J. A. istic function with derivatives up to the even order 2N
Pautey. 1962 [37kp. cine. diagra. tables, refs. at the origin and If f(t) = lf,(t,7~f,(tf ftj
uAFVSR-46B3) (AF 49(638)475-- AD 407019 *i

Unclassified where each f j(t) is also a characteristic function and
oy -. 0 (jm1,2, _.., n). then eachfItM has derivatives up

The limiting current of H2 th: ugh Pd and Ag-Pt! alloys -

was measured and was found to decrease with incr casing Io ore=Wa h oii.Tec 02
Av 4-onteflt of the alloy and with the thickness of the an 1 IIs Devinatz's theorem. (Math. Rev, abstract)
diaphragm. The diffusion coefficient was calculated tor
P'd and the 20T end 307, Ag-Pd alloys and the v-alues of
the exchange currents, 140* for various -.alues of 0 532
tfract~or. of the surface sites available for. H2 adsorption) Caltholic U. of America. Dept- of Mathematics]
'Aere calculated. The results of these computations are Washington, D. C.
presented In table formi. Increasing the Ag content of the
allev decr -ases the rate of the jumrn of H2 into the bulk ON IDENTICALLY DISTRIBUTED SIOCHASTIC
of -he metal and this step assumes gre~ter importance INTEGRALS, by R. G. Laha and E. Lukacs. [1962]
in the diff usion of H2 through Pd as the Ag content is [8 1p. (AFOSR-64-1601t maponsored Jointly by Air Force

increased to 30i-. Office of Scientific Research under AF AFOSR-61-32 and
National Science Fc~,ndation) AD 446898

Unclassified
530

Also published in Trans. Third Prague Conf. on Infor-
Catholic V. of Amer-ca. [Dept. of Chemistry], mation Theory, Statistical Decision Functions, Random

Washington, 0. C. Processes, Liblice [Ctechoslovakila (June 5-13, 1962),
Prague, Czechoslovak Academy of Sciences, 196,

THE EFFECT OF TEMPERATURE AND PRESSURE p. 467-474.
ON THE MAXIMUM DIFFUSION RATE OF HYDRO)GEN
THRO)UGH PALLADIUM, by P. L. Damour. 1962, 54p Let X(t), It e[a, b)= H, be a process with IIndependent
incl. dlagrs. tables, refs. (AFO6R-4685) (AF 49(638)- increments, all moments finite, and mean value and
475) AD 407670 Unclassified variance functions of bourded variation on [a~b]. Form

the integrals in quadratic mean
Tne tx-ansmission rate of H2 through Pd foil has been b b
studied for a series of foil thickness at 4 temperatures Y a(t)d(Mt). Z ab(tkdXt1, where a(t) and b(t)
and 4 pressures. The results support the assumption*a4
that the rAte of the combination reamction of H2 atoms on are continuous In tE C a, b] with max t'a(t)' 4maxtI t)

.he face of the foil is extremely large. Proof is pre- It is proved that Y and Z are identically distributed If
-t'red that as the foil be,7o.mes poisoned this surface and only if XVt) is a Wiener process and

-,wnuation reaction is retarded, and can bie slowed _b _ b
.,wn ti such a value that the penetration reaction !wu- [It~d jb(tlfdt for k = 1 and 2. Then a
!mnea the fastest. The diffusion constant, D. was a a
-a'uated; the extrapolated value at 25 -C is D0 similar theorem Is esL-blished for iS la, -1. (M~ath.

I x 10-7 cm 2 sec. The activation energy of the Rev, abstract)
rireaction was found to be 6.6 t 1.0 kcal. The

diff us' .n constant over the temperature range, S.6V zo
15. 3 C. is represented by D -

0. 023 exp(- 6600, RT1 cm 2sec.
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533 Rvanmetries. For ;=ch of these. the lowest- lying
state resulting frorn mixing configurations at the largest

Catholic V. of America. Dept. of Physics, distance approacl~ed to wlthir 1 ev the energy of the
Washington, D. C. sepArate atoms calculated from spectroscopic data.

Some stable, triplet states were Indicated.
QUANTUM MECHANICS OF BEA'IS BETWA~EEN WEAKLY
COUPLED OSCILLA~TORS. by P. H. E_ Meijer and T_
Tanaka. 119621 (SIp. (AFOSR.-Jl 561 (AF 49(638)452) 535
AD 408580 Unclassified

Catholic U. of America. (Dept. of Physics]
Also~publIshed in Amer. Jour. Phys.. v. 21161-165. Washington, D. C.

MOLECULAR ORBITAL STUDY OF THE SYMMETRIC,
Although the weakly coupled double pendulum beems to LINEAR H14 COMPLEX (Abstract), by P. F. Piper and
be a standard illustration In classiLAl nechanics, it Is V. F. Gziffing. :19621 i:1k. [AF 49(638)19061
seld-)m mentioned tn quantum mechrAntcs. It shares this Unclassified
ta,.e with V'ie damp4ed harmonic oscillator, but while
there is a good reason for avoiding the last one in quan- Presented at meeting of the Amer. Phys. Soc. ,
tum nt- i'anlcs, the first can be treated with the same Baltimore, Md., Mar. 26-29, 1962.
proce tore as In classical riecha._ Cs. The exact solution
Is then, compared with the soluti ons obtained by time.- Published In Bull. Amer. Phys Soc., Series TI, v. 7:
independent and lime- dependent perturbation miethods. B47-ar-.26, 1962.
It turns out that there are some additional steps to be
taken, cor-.nzri-id to the usual textbook treatment of the LCAO-MO-SCF calculati,yns of the energies of a series
t'me-independent perturbation theory. due to the fact I .
i\'it all the levels of the unperturbed problem are degen.- of symmetric, linear configurations of H4 in the 9
,rate- It is shown that the dtagunalizat-or. of the secular state were carried out on a digital computer in order to
maatrix In the time-independent problem is equivalent to obtain Improved, approximate, save functions. Molec-
a problem ui rotaflon of ang-lar nwjment~m operators in ular orbitals were constructed as linear combinations
function s.4tice. The time-dýependent problem needs, of modified Slater orbitals for the following sets of
again, additional steps due to the degeneracy, and It atomic-basis functi..ns: la on ezch nucleus. Is and p
yields the well-known beat-behavior. (Contractor't, on each nucleus, and ls. 2s. 2per and 2pw on each
abstract) nucl.-us. For each of the AD's, the value 1. 1 was used

for the screening parameter. It was found that, using
Is AV's only, the energy was lowered with respect to

534 a previous claculation done with the screenlng parame~er

CathlicU. o Amr~o_ ofPhvicsequal tol1. The virtual orbitals obtained from thse C!
CathlicU. f Amr~x. jept.of hyscs;calculation on the extended-basis set are being used to

Washington, D. C. construct cietermlnantal spin functions for a ground-stzte
confi guration- Interaction study.

001FIGURAITON INTERACTION IN Be 2(Abstract), by

H. 0. Warren and V. F. Griffing. j1962jiIph. iAF49-
(638i90i(A Unclassified

Presnte atmeeingof te Aer.~ St..Catholic U. of America. Dept. of Physics]
Baltimore, Md_. Mar 26-29. 1932. a-ntn .C

Publshe inBul. Aer.Puss So.. eris U v.STAT? OF LINEAR 11ý (Abstract), by S. H. '3row-n ,and

1, ~V, F. Griffing. ;1962; ilkp. iAF 49(638)9L-3;
The enryo igedtria t -grudzae Unclassified

determtnant spin configurations constructed using virtual BatmrMd..Ma.2-916.
orbitals from the same ground- state. SCF calculations.
Coefficients and mole-cular energry were obtained by the 'Published in Bull. Am e'. Phy.s.. Soc., Series TI. v. 7,
vait taonal procedure at each of seven I nternuclear (Us- 204. .M~ar. 26. 1962.
tances, and for superpositiors of 10. 15, 20. 25. 30. and
37 contligurations. Bmnding in the fround state wa ini The appro iriate wat - functions and molecular energies

catd wen p t 20conlgratins erem~xd, ut ii~ d the, state Of H3 are ..- ~w being calculated by making
appearec. upon more-extensive mixing, Thr- ground-state linear comb~nations of configurations which are con-
energy at the largest distance closely approached the structed using virtual orbitals from a single, ground-
spectrost 3picaily determined energy of 2 unexcited. state. LCAO-MO-SCF calculation. These are based on

bervyllium atomus. Some stable, excited 1.. tae modified Slater- type Is. 2s. 2p7, 2p- atomic orbitals.
states Tirty-eight configurations are taken for 4 internuclearwere indlcated, The same virtual orbitals were used to distance of asymmetric 11 and 6 interitucleaz- distances

construct configuirations of 3 9I31 Tu' ', 3 .1 and 3 :U. of symmetric 113.
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537 UTERUS, by L. Barnall and H. Croxatto. 1 1962] f4jp
incl. dtagrs. (AFOSR-64-0100) (AF 49(63f8)l 14)

Catholic U. of America. Dept. of Physics. AD 429379 n~,.lsstfted
Washington, D. C.

PARTAL ND VTA CATUR PI3BAILIIII OFAiso published in Acta Physlol. Latinoamei ,v. 13:
12 -9193

NEGATIVE MUONS BY ý:,by M. Ruel and J. G.
Brennan. 11962.1 ;4fr. inc. tables, refs. (AFK)SR-J317) For abstract a&e Item no. 538, Vol. Vt.
(AF AFO)SR-62-56, AD 408026 Unclassified

Also published in Phys. Rev., v- 129- 86C-869, Jan. 15, 540
1963f

Centre National de la. Recherche Sclentifique, Part.s
The capture probability of negative muons by tie C2(France).
nucleus is calculated as a sum of partial transition rates [LTASO EO~z1O N ~~XSI
to the individual levels of B The calculation Is based CAL RATES OF POINTS IN HYPERTHERMIA IN CER-
on an extreme sIngle-particle shell model. The calcula- TAtN IDENTIIFIABLE NUIDNIES OF APLYSIA]
ticn is in application of the general formalism develloped Plateaux de depolarisation et trains paroxysliques de
by Morita and Fujil for predicting the transition rate be- pointes en hyperthermie, sur certains neurones
tween 2 definite nuclear states, following muon capture. Identifiables d'Aplysila. by A. Arvanitakl-Chalaz~onitts.
Regarding bound-state captures, the agreement between ['1962] 13]p- incl. illus. (AFOSR-4173) (AF EOAR-61-
theory and experiment is good. An exception is the pre- 30) U..classtl~ed
diction concerning the 1. 67- mev level of B12 , the calcu-
lated transition rate being too large by a factor whose Also published Ic. Compi. Rend. Siances Acad. Sdt.
lower limit is about 2. This casts some doubt on the ct2419.
spin and parity asstg,'ments currently accepted for this Sct2419.
level. The total capture probability Is too small by a The cause of paroxytic-hvperpclarizat.on poont-plateau-
factor of 2, as is the ratio of unbotuid- to-bound captures dshreatvt eemndb iprhri ncr
The discrepancy is accounted for in part bF) the existence tain identifiable neurones of Aplysia is attributed to the
of little-ltnzwn, highly excited virtual state of B 1 2 . These differential effects of temperaturie on cellular loci with
conclusions are of limited scope because of the use of distinct cytostructui-al characteristics. (Contractor's
the single-particle shell model, abstract)

Catholic U. of Brazil. Mio de Janeiro 541
see Pontifical Catholic U. of Rio de Janeiro (Brazil).

Centre National de .A Recherche Scientifique, Paris
(France).

538THERMIC INHIBITION OF SLOW ET.ECTRIC WAVES
Catholic U. of Chile. Lab, of Physiology, Santiago. OF A GIA: T 11DENTIFTABLE NEUJE.NI Inhibition

thermique dx.. ondes electriques lentes d'un neurone
THE IN VITRO) EFFECT OF PRDGSTEW)NtE AND ge~ant idenlifiatbie (Neurone Br d'Aplysta fasciata), by
I~STIR)GENS ON THE OXYTlDClN RESPONSE OF RAT N. rhltzimr.itis. r1962' j2lp. inc illus- (AFOSR-
UTERUS, by L. Barnafi and H. Croxatto. 11962, ;41p- 4338,1 (AF EOAR-61-30.ý Unclasslified

nc.dlagrs. (AFOSR-1941) (AF49(638)1584)
Unclassified Aluo published In Compt. Rend. Se'ances Acad. Sci.,

Aisopublished in Adta Phystol. Latinioamer.. 6. 13: v. 2551 1f63-2T-S, Oct 1, 1963.
2-2-4, T4-M The identifiable soma of ty~pe Br revealed, by hypotherni-

La. the origin of large hyperpolartzatton potentials
The Un vitro effect of progesterone. estrogens, testes- *AIch :t!canable ofreachIng 33 mev. These pote~dals
terone, and desozvcorticosterone acetate was studied I;.hlhii Ml activity In the cell for several minutes. The
on 32 Isolated non.-pregniant rat uteri before -id miter effec. is - versible by R eturning to the initial tempera-
oxytodmn stimulation. AUl of these substances olock the turtoi: ntractor-s abstract)
response to oxytocin.- It is suggested that this Inhiubtiory
effect is due to a change on the prerneability of the

montiicell mnembrane. 542

Centre National tie la Rtcherche Scientifique. Paris

539 t Francel.

Catholic U. of Chile. Lab, of Physiology, Santiago. 'NEUBI)PIYSIOLOGY OF APLYSIA GANGUION]J. by
A. Arvartaki- ChRlar'.m 0'.4 and N. Chalazonitis. FInal

TYE IN VITRO) EFFECT OF PROGESTERi)NE AND rept. Apr. 1, IPSI-Mar. .31., 1962,14kp (AFOSR-JI052)

F'iTRDGENS ON THE OXYTI)CIN RESPONSE OF RAT 11 (AF EOAR-61-301 :) 420034 Unclassified
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The studies have been performed on identifiable neurons GNOME blast or the Nevada Test Site precluded the
of the nerve centers of Aplysta, either Initially spontane- possibility of making a determination of the true poten-
ously active, or submitted to excitatory or inhibitory tial of the electroseismic technique as a tool for detect-
synaptic actions at various frequencies, impinging the ing nuclear blasts. However. it is felt that had suitable
"center through different pathways. The individual activi- areas been found, a signal could have beer recorded at
ties of 2 to 4 cells were simultaneously recorded through both stations for the GNOME blast and at Lication 7 in
2 to 4 independent m-croelectrodes and dc amplifier Nevada. A vertical electrode span was found to offer
channels. Emphasl- was placed on the input-output rela- an improvement inS 'N ratio of 15-1 over that for a
tionships and on the basses underlying organization of surface electrode span. The maximum signal on a
spatio-thermal patterns of activity, basiually Implied in vertical electrode span occurred when the down hole
function and behavior, electrode was at the sand-shale interface. For the

model study, the electroseismic signal amphtude in-
creased as the percent ot sand in a sand-shale rnix~ure

543 was increased. The effect of changing the conducttvity
of the ipterstitial water on the amplitude of the electro-

Century Geophysical Corp.. Tulsa, Okla. seismic signal was found to be minimal.

STUDY OF THE EARTH AS A SEISMIC ELECTIUC
TRANSDUCER. by S. D. Buchanan. Semiannual techni- 545
cal summary rept. June 1!, 14--? '211p. Incl. diagrs.
tables. (AF 49(638)1085) AD 412484 Unclassified Chicago U. Committee on Mathematical Biology. 111.

Tests were conducted in 5 areas whose electroseismicity STUDIES IN MATHEMATICAL BIOPSYCHOJOGY. by
was Imown from work performed previously in conjunc- H. D. Landahl and H. White. Final rept. Apr. 1. 1962,
tion with quarry tests. Tests consisted of shooting 29p. incl. diagrs. refs. (AFOGR-2451) (AF 49(638)-
charges -f one pound of dynamite or less at distances 414) AD 287857 Unclassified
not in excAss of 1,000 it fm m the measuring site. Re-
sults obtained in the good Eý S. areas were compared A brief report on a study of visual adaptation is given
sith those obtained in the bad E. S. areas. From this Principal results are a second order differential equa-
comparison a basis for measuring the electroseismicity lion for the concentration of rhodopsin. a model that
of an area resulted. The electroseism city of 14 Nevada explains how the sensitivity of the rod depends on the
test site areas was determined using the comparison concentration, a model that explains the shape of the
criteria established above. Using the results obtained b-wave of the elect roretinogram, and the fitting of some
2 ireas were selected from which 2 nuclear blasts were data on illumination thresholds on the basis of these
measured. A series of controlled experiments was made models. The problems of real and appaient movement
in conjunction with small blasts of the order of one pound are discussed in terms o! simple neural nets. An ex-
of dynamite, These experiments were performed at pression is derived for maximum distances between
one of the better local E. S. areas and consisted of an stimuli for various time intervals and stimuli intensities.
evaluation of a 3-dimensional E. S. array. Electrode Results compare favorably witth avaitlable data so pre-
arrangements for these tests are shown. A self potential liminary results on the simplest possible mechanism
and resistivity log was made of one of the holes in order give an natput which depends on the velocity and the
that the E. S. results might be correlated with local ge- width of a sharply defined stimulus, there being a max-
ology. Additional testa were made to determine the Imum with respect to velocity. Movement of a poorly
feasibility of a model study of the phenomenon. (Con- defined stimulus, e. g., intensity S ý 0 for x - 0,
tractor's abstract) si x for 0.Z x ý4 A and S constant for x - 4 gives an

output proportional to the velocity of movement -.;d to
S, and independent of -. (Contractor's abstract, modi-

544 fled)

Century Geophysical Corp., Tulsa, Okla.

STUDY OF THE EARTH AS A SEISMIC ELECTRIC 546

TRAISDUCER, by S. D. Buchanan, D. P Hearn and Chicago U. Committee on Mathematical Biology, Ill.
others. Final rept. Oct. 25, 1962 801p. incl. diagrs.
tables, refs. (AF 49(638)1085) AD 298996 ON VISUAL ADAPTATION: I. PHOTOCHEMISTRY, by

Unclassified H While. [19621 �~9. . tncl. diagrs. refs. (AFOSR-
J6151 (Sponso. ed jointly by Air Force Office of Scientific

For quarry blasts of the type and size encountered in Research under AF 49t638)414 and Public Health Ser-
this investigation (WI0 to 13,000 pounds),. a detecton vice, AD 404149; AD 414012 Unclassified
range of approxinmate!-. 10 miles is indicated. Ripple
firing of the quarry blasts considerably reduced the Also published in Bull. Math. Biophys.. v. 24- 351-
maximum distance at which the electroseismic signal 39 cD.."•Y.-
produced by these blasts could be detected. There is
extreme variabiltq in the ability of different areas to Quantitative aspects of the photochemistry of visual
produce an electroselsmic signal. Creek bottoms, In adaptation are considered. A simplified model is given
genera), were found to be more active as electroseismic that fits data on changes of rhodopsin concentration during
transducers than hilltops or barren tableland. The in- and following strong Illumination. A varlation on Wald's
ability to find active electrosetsmic areas near the

-. 122 <
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comrpartunent hypothesis Is shownr to fit the quasi-linear 54
deperidence of logg threshold upon pigment concentration.
Finally. there is a brief review of pertinent data on cone Chicago U. Dept, of Chemistry, Ill.

pigmnts.l~onracor'sabsta-1REACTIVE INTERMEDIATES IN CYCLOPIV)PANE
CHEMISTRY, by W. G. Brown. Final rept. Nvc. 31,

547 1962, 6p. incl. dlagrs. (AFSR-4875) (AF 49(638)784)
AD 413469 Unclassified

Chicgo , Cm-niteeon atherwial ioloy. 11.Studies were made of the chemistry of 1, 1-dimethyl-2,
THlE t)ERIVATION OF D*ARC-Y THOMPSON'S THEOPY 3-dinitrocyclopropane. Unlike the mono-niltro compound,
OF TRA*EtiuLMAT[OZ FRO3M THlE THEOR-.'OF the ring hydrogens are liable to acetate ion, - catalyzed
OPTIMAL DESIGN, by t.L Rosen. i 19621 't 'ip. Inc. `hydrogen - deuterium exchange. With a stronger lase,
diagro. !AFOSR-2459)y 1AF 49(63Ej9l71 IUnrcassified hydroxyl ion, the compound readily undergoes a ring

cleavage similar to those known for nitrocyclopropyl
Also published in Bull %lath. B~t.phys-. v- 24- 2719-2k1. ketones. Further studies were made on the photochemi-
sept. fy6i.- cal transformations of aryll ketones containing CYCIO-

propyl substitueitB, as well as analogous compounds
11 .s shown inform'ally tnat Cohn 8 theory of Optlimal with larger rings. 1the preliminary findings disclose
Forms can be con~strued as . comparative theciry. and patterns of photolvtic reactions not hitherto exemplflied.
that when this is done, the celebrated theory of tr-Ans- One exampl-ts the formation of 2-methyl-4-benzoyl-l-
forma-tvons of D-Arcy Thompson folllows as a consequence. butene upon 1,1 irradiation of 1-benzoyl-2. 2-dimethyl-
The impItlcatiaon1s of this type of theoreticall foundation cyciopropane. (Contractor's abstract, modified)
fci the Thompson theory with regard to problems of
comparati re morpholozy are disctwsed, and some sug-
,esttorzs for the further implementation of the~ theory 550
are descrtbed- %Con,tracier's absti-ac, i

Chicago V. Dept. of Chemistry. Ill.

1,0-DIMMETHYL-5l,6~-DIPHEN-1L-6-VALERDL)ACIVNE,
b7 W. G. Brown and F. Greenberg. [19621 111p.

(Thýca;!f t Conmutteet on-r Mathematical Bilology-, Ill. [A F 49(OCe)784'ý Unclassified

CHURCH'S THESIS AND) 11S RELATION* TO THE CON- ~ Published In jour. Org. Chem-, v. 28:. 599, Feb. 1963.
CEPT OF REX1?ALI7AR TY IN% BIOLOGY AND PHYSiCS.
!bv R_ Rosen. 19E2. :19;p- Ici. refs. (AIVSlt-3206)1 Steti.er and Krause described the preparatlot of a
AF 4963)9171 .AD 400859 AD 403590 compound believed to be 1,3-dibenzotyl-2.2'-dimethyl-

Unclassified propane by a Friedel- Crafts condensation of 3,3-
dimethylgiutaryl chloride (I) with C 6 H 6  A repetition

-klsr ulse cBl.Mt.Bohs i.2:3 of this work showed that the product actually was
39). -De,-. i962. 0- 6- d m ethyl- 6- 6- diphenyl-5 -valerolactonertI).

An attempt to characterize the phvsical realizabillty t(20. 8 g), treated wi th 29g of AIl 3 in 150 mil C6 116 at
--f --: abstract crapp:pg process In terms of the Turing 0 -. the mixture stirred 2 hr at room temperature, and
computability of an "ssoctatc-1 numerical function Is de- the product crystallized, gave 5,8g of 1I, which melted
scribed_ Such an approach rests heavily on the validity at 91.7-92.2 . The Grignard synthesis from 0. 95g
of Church's thesis for physical systems capable of com- diethyl 3.3-dimethylglutarate (0.95g) gave 1.02g of IT-
puttnj numerical functions. This ineans It. effect that Successivre treatment of II w it' KH-2 OII HCI. and
one must investigate ir what manner Church's thesis can FeCI3 gave the wine color for esters and 1actones.
be' converted into an assertion concerning the nonem-st- Infrared and nuclear magnetic resonance spectra were
ence of a certain class of physical processes inamely. given for TI.
tnese processes which are capable of calculating the
values of numertcal functions which are not Turing-
coimputabelO. A formulation which miay be plausible Is 551
suggested, and it ts then thowr, that the truth of Church's

heis i this form Is closely connected with the effec- Chicago U. 'Dept- of Mathematics] ILl
tiveness of theoretical descriptions of phvsical systems.
it is shov-n thaz the falsity of this form of Church's thesis ON ONE-SIDED LOCALIZATIO1N OF TRIGONOMETRIC
.s related to a fundamental incompleteness In the possi- SERIES. by A. Zygmund. [1962] [131p. (APV)SR-j449)
btltty of describing physlca, Systems, much like the In- (AF 49(638)551) Unclassified
completeness which G_$del showed to be Inherent in
axiomatizations of elementary arithmetic. Various Also published In Studies In Mathematical Analysis aid
inicrihcations of these matters are briefly discussed. Related Topi cs, ed. by G. Szego, C. L~oewnter and
Contractor'*s abstract) others. Stanford U_ Press. -962, P. 435-447.

Let S be a trigonometri c series rc n with

coefficients c tending to 0 as n - ± 'The series S Is
n

-~123
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localizable at the point x0 to the right if there is another over near fields of spectal rha.-acter satisfy these same
t 03 conditions. The followil- theo *m is proved: Let G

trigonometric series T such that for some h.be a doubly transitive permutation group satisfying
(1) T t2 equiconvergent with S in the interior of (xo - conditions I - 3 Then G is one of the groups discussed

c); (2) T converges to 0 in the interior of (x 0-, xe). In above. (Math. Rkv. abstr. ,)

thif definition S is necessarily localizable at xo to the

left. The main theorem is as follows. A necessary and 554

sufficient condition for S .. c •neinx to be localizable at iChicago U. Dept. of Mathematics, I11.

xis that the integrated series ON THE STABILITY OF A MACLAURIN SPHEROID

S
1  

Cox C0 . 1: (cn In)e nx converges at x0. OF SMALL VISCOSITY, by P. H. Roberts and K.
Stewartson. f19623 [141p. incl. refs. (AFOSR-J865)

". cn.kexp l(n - k)x0 (Sponsored jointly by Air Force [Office of Scientifl: Re-
and m . 0 search] under AF AFXISR-62-136 and Army fResearch

:-t- 1ki, n 2 k Office (Durham)]) AD 415835 Unclassified

Some related theorems are also given. (Math. Rev. Also published it, Astrphys Jour., v. 137: 777-790,
abstract) Xpr.---T I _--

The stability of a visc(us Maclaurin spheroltd's &'ilved
552 asymptotIlcaly fo: sma - kinematic riscosily, v. Itis

shown that, in this limit, the frequency of oscillation,

Chicago U [Dept. of Mathematics] 111. n. with respect to the mode which becomes neutrally
stable in the absence of viscosity at t.e noint of bifdrca-

A CLASS OF DOUBLY TRANSIT[VE PERMUTATION tLon (where the eccentricity, e, of the meridional section
GROUPS, by M. Suzuki. [1962] 131p. fAF 49(638)8581 is approximately 0.8127), is

U aclassifled 5v _W
n -n -t -0(').

Published In Proc. Internat'l. Cong. of Mathematicians, 0 a
2

Q (e)
",1oM-Sweden) (Aug. 15-22, 1962) Djursholm,

Institut Mlttag-Leffler, 1963, p. 285-287. In the foregoing formula nO denotes the frequency in

the absence of ,nscosttv, a is the radius of the equatorial
The author discusses some recent work concernng the section, and Q(el is a certain fu-iction of e uhlch changes
classification of certain classes of doubly transitive sign at e - 0.8127 and is positive for smaller values of
permutation groups. (Math. Rev. abstract) e. From equation (10 it follcws that the Maclaurin

spheroid Is indeed unstable bevond the point of bifurca-
tion when viscosity Is present.

'Chicago U. Dept. of Mathematics, Il. J 555

ON GENERALIZED (ZT)-GFIUPS, by M. Suzuki. [Chicago U. Dept. of Mathematics. Ill.]
11962] 14]p. JAF 49(630858] UnclaSsIfied

ON HIGHLY RIOTATING POLYTFIPES. I. by P. H.
Published In Arch. Math.. v. 13: 199-202, 1962. Roberts [1962] [131p. incl. diagrs. AF1OSR-1277)

(AF AFIZR-62-1361 AD 424346 Unclassified
Doubly transitive permutation groups which satisfy the
following conditions are studied: (1) the degree of G ts Also published In Astrophys. Jonr. , v- 137-, 1129-1141,
1 - n where r, is a power of 2. (2) the subgroup H con- May 15, 1963.
sisting of elements which leave one fixed symbol invari-
ant contains a norm.al subgroup Q which is regular on This paper is concerned with the equilibrium of a

the remaining n symbols; (3) the subgroup consisting of highly rotating mass of fluid which obeys a polytropic
elements leaving 2 distinct symbols invariant is a cycle equation of state. Since exact solutions are possible
group of odd order. A class of groups satisfying condi- only when the angular velocity I of the configuration '.s
tions 1 - 3 can be constructed as follows: Let e (X, y) - small compared with (C45) 2 where P is the mean

q 1 x. y q _ x3. y3q be the hermitlan defined density and G is the gravitational constant, the methods
2, 2 33expounded in this paper are necessarily approximate.

over GF (q
2 ), where q Is a power of 2, the projective It is supposed that the equlderisity surfaces are similar

unitary group contains a normal simple subgroup of and similarly situated oblate spheroids, and the prob-

index I or 3 denoted by HO (3,q
2 ). Then HO (3, q

2
) acts lem is reduced to finding the appropriate eccentricity

as a permutation group on the points x - (xi, x2, X3) of these spheroids anr: th. variation of density w.th
equatorial ramlis. Three methois of making these de-

in the projective plane with o (x, x) = 0. It can then be terminations are prcpabed and are examined in detail
2 for the poltrop of index unity. 3hese methods. re-

verified that Wf '3, Q ) satIsfies 1 - 3 with n -q . In for tie plyiroepen o ne un avaiaty. na These iplethdeadditior, some -- oups of semilinear transformations spectively, depend on (Ii a vational prnciple,

124,
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(2) satisfyig hydroStatic equilibrium exactly in the Als hedin Astrophys. Jour., v. 138: 809-819,

equatorial plane, and (3) satisfying hydrostatic equifib~i- Oct. 1, 1963.
um eactly on the polar ais. Method Its shown to lead
to results which are a compromise between those of In Part I (item no. 555, Vol. VI) a variational method
methods 2 and 3. Some attention is given to the question was given for determining approximately the structure
of whether or not, as n is increased, the polytrope will of a rotating polytrope. On specifying an n-parameter
bifurcate to a Jacobi form before eauttibrium is broken farniiy of equidenstty surfaces, the variational method
by certrifutIl forces at the equator. It is concluded gave the "•bt' values for these n-parameters and the
that if the polytroplc index is less than unity ,approid- " esr" density to assign to each surfae. In this paper
niately). bifurcation will indeed occur, a two-parameter family of surfaces, ntamely, oblate

spherolds of variable e:centrhittv is assumed. The
variational method is used to derive differential equations

556 for the eccentricity e(m) and the density p(m), as a
function of the equatorial radius to. It is proved that,

Chicago U. 1Dept. of Mathematics] Ill. for small e, the theory agrees with that of Clairaut and
also with that o. Chandrasethar for - slightly distorted

NOTE ON A NONLINEAR EIGENVALUE PROBI.EM, by polytrope.
M. Shinbrot- 119621 jTJp. (AFOSR-JI622) (Al AfOSR-
62-136) AD 429262 UnclaszIricd4

558
Aiso published in Proc. Amer. Math. Soc., v. 14: 552-
3-, Au". •-•-7 Chicago U. Dept. of Physics, 1l.

The autbor considers the equation )u = Au - X*B'Au in a COMPARISON OF LOCALIZED AND DELOCA.IZED
MODELS FOR n - ' STAR TRAINSITIONS: A POSSIBLE

Hilbert r.,Ace H where: (1) 1. is a compact symmetric INTERPRETATION OF THE OBSERVED SYM4-TETRA-
ope.- toy with simple eitenialues un. Its eigenfunctions ZINE FLUORESCENCE, by M A. El-Bayounmt and D.

spar, H_ Moreover, if 5n mm rin u+ , - u• • then R, Kearns 11962, [2ip. (AR)SR-64-2335) (Sponsored

n3jointly by Air Force Office ofScientfic Research under
" He 1 2o AF 49(638)923 and Atomic Energy Commission)in Here or - 1- (2) Bi Xs an operator de- AD 452018 Unclassified

fined for all X in the disk k ; (a 'r -1)) 'A . BD is

uniformy bounded by "B' in that disk and satisfies a Also published tn Joukr. Chem. Phys.. v. 36: 2516-'517,

Lipschitz condition B, - Bu i L') - u . He proves

the theorem: There exist infinitely many eigenvalues The merits ad failures of different theories of n - It
and eenfunctiops un of the above equation. The transitions in monocyclic azines are reviewed. A

sequence "n n approaches zero. Moreover, there i semiempirical theory is developed which accountszmore successfully for most of tnc experimental observa-
an integer N such that K N HN and, If x is any element tions.

of H. it can be represerted in the form
N-1 ; t • nn*N•Un 559

f.' nvn _ Nn n

F'nally, If A and the series oiven in (I) above are Chicago U. !Dept. of Pnysics Ill.
smah enouh, N may be taken as unity, so that the
sequence Un• Is complete in H. Here H denotes the QI..SI- FREE PI•OTONPFiYIONSCATTEIf4G INN LIGHT NUCLEI AT 450 MEV, by H. Tyren, S. Kullander.
subspace spanned by 'vN, vN ... 'and KN denotes and R_ Ramachandran. Fi.nal rept. Oct. 15, 1962 [81p.

the subspace spanned by all but the first N - 1 of the incl. diagrs. tables, refs. (AF1SR-4787) (AF 49(638)-
e,.genfunctions of the equation, if infinitely many such 958) AD 408559 Unclassified
e-xist. In order to establish the series expansion of
*Ihe theorem an existence proof .ncludlr,; nany estimates Quasi-free proton-proton scattering In light nuclei

ts needed. Also needed here is a theorem of Paley and has been studied experimentally at 450 mev incident

Wtener. An application is made to the equation proton energy. Energy and angular correlations of the

d du 2 emerging protons have been measured using 2 double

du d focusing magnetic spectrometers and a multi-channel
L x P electronic detector system. (Contractor's abstract)

557

5ec
Cnicago U. Dept. of Mathematics, Ill.'

Chicago U. iD-t of Psychology! Ill.

ON HIGHLY NOTATING POLYTIOPES. n, by P. Co l

Roberts. j1962] [11 p. (AFOSR-64-0978) (AF AR)SR- FREQUENCY DtSC•fI.IAT[ON AFTER BILATERAL
62-136) AD 440152 Unclassified SECTION OF THE BRACHIUM OF THE INTERIOR

COLLICULUS, by J. M. Goldberg and W. D. Neff.
:1961] 36ýp. incl. Illus diagrs. tables, refs. (Sponsored

-125
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jointly by Air Force Office of Scientific Rt~nse~rch under determination of the spins of hypernuclie like
1AF 49(68 025:1 and Office of Naval Research; 3, 4 A 1- The -nucleon interactdon is

Uric~xrstofied H A dLt ThA
fok~qd to be stronger in the antiparalicl orientati~on of

Ilubllsed in Jour- Coorlpar. Neurol. * v. 116: 265-2itf, the A a" N spins. in contrast with the opposite situation
M'. , tor the nucleov- nucleon iN-N) Itrueraction. It also be

.Nine cats were trained to make an auditory frequency rai osbs oetaetedphDAo h oenl

dlscrim~ination. The brachium of the inferior collitulus well exper,.eorvd by a A hyperin it- Iinf :ite nuclear
was then sectioned tilaterally and after recovering from matter from ;4,n analysts of the btrdA~g -,iergy of v-erv
operation the animals were retrained. The cats cowidd heavy hyperfragrnenBs - a value oi .i, oe-v was
be divided into 3 groups: (11, evoked potential to click found. 7.,e weak A-nucleon tnteractio!, wtw explored
stimuli were recorded from auditory cortex at time of in stuaies of the decay modes and itfetrincs of hy.per-
sacrtfice and microscopic examination of the brain stem nuclei. Several new .hecks concerating the so-ale
sections revealed that the brachium of the inferior col- AT it rule have been supplied. Ttie Wtirtnle of

4liculus was no, completely sectioned: (2) evoked potentials Ali was measured yielding a result v.44chi -tifiruiec
were recorded from auditory cortex even though the 4
brachium was completely sectioned; and (3) auditor) the spin assignment J 0 for AH .The bl~w A N de-
cortex was not electrically responsive to click stimuli excitation procets.-,s .~*N -. N -N, and A -p - N - p
and the brachirum was completely sectioned, It is con- %ere 'investigated bl~uwing that these 2 processes
eluded that animals In which the auditory system is occur -with comra'-able frequency. Several properties
completely sectioned at th, level of the brachiuni of the beartng on the nuclear-phys~cs aspects of hvpernuclii

Infeiorcolicuus annt reear in100 tralsthewere explored including phenomena of final state inter-
same frequency discrimination that animals in which the ato swl spouto rcse fbprrg
geniculto- cortical auditory system is eliminated by et.twaaloswntt(nihpramns
ablation of auditory cortex can relea-rn i a less than 300 do not exist. Finally, several, Improviements inl meas-
trials. uring techniqtues are reported.

561 563

Chicago U. Enrico Fermi Inst. for Nuclear Studies, Ill, Chicago U. Enrico Fermi Inst. for Nuclear Stud-res, Il..

COMPILATION OF HY'PERFRAGMENT BINDING A PROBABLE EXAMPLE OF THE DECAY 70,A-.
ENERGIES. by N. Crayton, R. Levi-Setti and others. e*Ce IN NUCLEAR EMULSION, by 0. H1. Pavis. R.
11962; '41p. the, diagra. tables, -refs. (AFOSR-1817)Leietiadohr.Fb19, .m.Ili.
(in. cooperation with Northwestern U., Evanston, Ill.) table, refs, (Rept. no. EFTI1 62-7, (AH)S-R-4423)
(Sponsored Join'tly by Air Force Office of Scientific Re- (AF 49(638)209) Al) 295966 Unclassified
search under AF 49(=3)209. and National Science
Forundationi AD 225884 Unclassified Also published in Phys. Rev., v. 127- 605-606,

Also published in Rev. Modern Phys., v. 34: 186-189, Jl
Apr?17An event has been observed In nuclear emul~sion which

The purpose of this work is to present new results on I trbtdt h rdcino : yeo n t

w-mesonic decays of *'heavy hypernuclei-- (A -5? and at silbsequent decays via the mode Zo -A A- e' - C. From
the same time to report on an up-to-date compilation t-he apparent concurrence of the tracks Involved in the
of binding-energy data for all hypernuclear species. distinte *ations, it tMs been deduced that the 0 lifetime

for this event Is - i;_ 1 4 sec.
56&

Chi cago U. -1Enrico Fermi Irs.for Nucle.,r Studies. Ill. 5 C4

INFUCLEAR EIVUSIOl- STUDIES OF THE PROPERTIES Chicago U.- Errico Fermi Inst. for Nuclear Studies, Ill.
OF HTPERNUCLEV1 by R_ Levi-Settl and V. L. Telegdi.8
Final rept. !19621 !12k. tncl. refs. (AFOSR-4298) A DETERMINATIION OF THE SPIN OF &Lt8 

b y D. H,.
(A F 49(6-18 409: AD 293985 Unclassified Davis, R. L#evi-Seth,- and MA. Raymund- 11962" '5jp.

Considerable Information cuncerning the properties of inc. dlagrs. table, rets. (AFOSR-65-0464) (AF 49-
hypteriruclel has been. dettermnined. It hasbern establIshed (638)209) Unclassified
that thre A-nucleon interaction is charge symmetric.. Presented at meeting of the Amer. Phys. Soc..
.'aiely the A-n interaction Ile essentaialy as strong isWahntnV.StleAu.2-9162
the A-p Interaction. Th-is co.!clusion ts drawn' from theWshntn..SaleAu.229162
study of the binding energy of m-irror hypernuo-lel. Also Abstract published in Bull. Amer Phys. Soc. , Series
established was tire fazt thas rare A-i' tteraction is spnh-`77W_~~._ý 1962.
depenilent. 711,s conclusion stems fromi both the aaalarska
of the binding energies. and froi Cire experimenta7iI 126
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Als,. published in Nuclear Ptlys ,v. 41 ,3'.Feb 567

1963.

The a,,aiiable &rta on ,ALI8  '4 e4 - 10 decay hav Chicago 13, (Enrico Fernmi Inst. for Nuclear Studiesi Ill.

been arnalyz.ed in terms uf intermezitate Bh states. Out 13MNDING ENERGIES 07 HEAVY HYPERINVILEI, by N.
ull 4.1 eientq. 32 are in~terpreted as lavolhi 4 the 2', Crayton. F). 14. Ma-;s an' others 11952i [31p. Incl.

2.9-mv le.el o Be , W iag.-. tabicis. (Sponsored jAntly by At; 7'orce Ceilce of
2.9-niv t ve ofBe witle the reritindur lteefl to Scientifth Research wi-icr [AF 49(638)2091 and National

Pr reed thi-ougli ottie. Be& states Itlncludlng the grun Science Foundation) thiclassified
sutaff. The center-of niass ang..ar distribution of the

tA' fie" uli(ea~. ote*drcin ha bee Pth1,34,ed inProL. 1962 tinternal -. Conf, on High-
'uclet~~ ~ ~ (ratv i.o,- thPhieto! aýbe ysics, at CERN, Geneca tSwltzerlandý~id~e1 or he32 ecys o he ~ lat So July 4-11, 1962), Geneva, CERN, Scientific Informaiontl

j,.a'son witn nhe theoredi prediction of IDalitz indicates Se-rvIce. 1962, p. 382-384,

tha~t 'he spin 01f LI Is mcst likely unity The binding energies and decay modes of the identified
heavy !!)perf-agments from 56 w- mesonic decays of
hype'nacjei with a mass greater than 5 are tabulatei.

C5 A compillaion 01 present data averaged with previoSily

(Thnea'o LI,. Enrico Fermi Inst. for Nuclear Studies, Ill.pu ls e daai aso rs nt .

HIO~ NEA3O NEUSO ULI1YPEAtFRAGIMENT PRODUCTIOIN BY 4.5 GEN'Ct

tUi.2'PvRA1;A L, byj J. Zakrzewskl, D. HI. Davis. and Chicago V. 'Enrico Fermi Inst. for Nuclear Studies] Ill.
0. Sriqea,.estad. '1962; 'Sip. inc. dizgrs. rels. (AFOSR4
65-0836. ýAF`49(638,209) AD5 617872 Uni~lasslfled DETERMINAMIONOF THE AH UFE11ME, by N.

Also pubWlised ti Nuovo Cimento, Series X. %. rV 652- Cray' -n. D_ H. Davis and others. 1I962, [31p. incl.
6~49.Fe~i3. Ilus, dlagrs. table. (Sponsored jointly by Air Force

Offic, of Scientific Research under IA F 49(638)2091
Thie fiperfragrnent production by fast --meson Inerac- and r4adonal Sci~nc'e Foundation) t'nclass~fied
t.rons is shown to be well explained b% the maode. of Jones Pbihdh rc 921t~a'.Crto ih
e! aL. fr. particular, the shoc'- range tyiery gei ulse t re 92Tie-a'.Cn nE h
are shown to be preclominantly very bwavy and not light niery- PhysiIcs at CERN. Geneva ~Switzreriind)
as had I~eeni supposed. The conclusionts of Silverstein, ijuly 4-li 1952), Geneva, CERN, Sc~tir-gi~ Informna-

Fr-, et al and Lokanatimi et al, are critirally examined tion Service. 1962, j). 460-462. 4

.h .41 lifetime was measured by observation of both
aecays at rest and In flight by the mode HA4R He4 r-

In an emulsion 3tack eaposed to a stopping KC beam, 9
Ct -:; Enrico Fermi !nst. for Nuclear Studies, Ill. decays In flight 4.-d 43 decays at rest were found. Prom

'iNIN £EGYOFA HPIES NH)' these the maitimum likelihood estimate of th AH mear

P Eit-2C Y IOF A' 100)R.1, by N H. avi, Y lifetime was determined to be (1. 18 4 65X 10-10 sec.

Aoi-6~-J47,(AF 49(638)209) AD 617044

Dcc!.l~t~ -. Chicago U. :Enrico, FermI Inst. for Nuclear Studies! 1ll.

From. a siti.,; of "le ieoaz visiblc tierr -:'"'se In the "CPENCLEI. by V. L. Telegdl. '19621j 7Jp. incl.
njii-mesoyi., deecnvi. o~ i-:er'dt in emulsxiýn. which dtagra. table. fAF 49(638)20ui Unclassified
are the pp~.to rý:-dn-tts of sil-er and bromine with

-nasses in the r-Angv .1 - zA vi A 100. an upper limit of Published in Scient. Amer.., v. 206- 50-56, Jan. 19'2,
Thbout 35 mev li, !"aced .. I e'aue of tbe tinding energy
E_ From the obstrtno,, c4f 1 ý resuric decays, which An historical -0tvirew of ypernuclei Is presented. Vart-
are- attributed to c1.ti~~ tfhe szamt order of ou hyer~ and Ihelr propectics are given It' table
mass. a more precise t 51 a1fntr ul of it limit is made, form,

namelyv about 25 mev. I ese frigni:en-ts resulted frxm
the .r.t-cractions of KC n;sn of Mflt rnet c and 1. 5
izei c. At 800 mnev c 3 r xa.-iles 4 tct-sonic decay were

acmparted by about 1100 d~-ieo i~dsintegrations.
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570 572

ChIcsgo U. [Enrico Fermi Inst- for Nuclear Studiesi I,!- Chic-ago U. Enrico Ferm' Inst. fer Nuclear Studies, 111.

MESIC DECAYS3 OF HYPERNUCLEK FIR2M K INT'0- PRIMARY COSMIC RAY AND SOLAR PHOTONS IT
ACTIONS AT REST AND AT -800 M,?v e (Abs~ract) l.y by P. Meyer and R. Vc~gt. [1902] ý'y incl. diagro.
N. Crayton. D. H. Day's and others. 11962,' 1lhp. til- table, refs. (AFOSR-44W) (Sponsored jointly by Air
cooperation with Northwestern U . Evanston, 11l.) Force Office of Scientific Research under AF~ AFOSR- 62-
(Sponsored jointly by Air Force Office of Scientific Re)L- 23, National Aeronautics and qjmtpuedrninstration.
search under UAF 49(&M8i209, and National Science National Science Foundation. arid Office of Na-.
Foundation) Unclassified sea~rch: and Roydi Canadian Air Fo)ýcel AD) 407.

Unclassified
Presented at meeting of the Amer. Phys. Soc-. New
York, Jan. 24-27, 1962. Also ublished in Phvs. Rev.. %, 129- 2275-2279.,

Published in Bull. Amer Phys Soc.., Series 11. v. 7
T~a~~.,1962. Durtng Julyand Aug. 1190, the energy spectrum of

primary cosm~c- ray protons was investigated in the
Two emulsion stacks have becn exposed to tie b00 ziae. c energy range frrom 80 to 350 mev. The obsiervations were
separated K- beam at the Bevnatroa. Bott, stacks are made in 5 high-altitude balloon flights at geomagnetic
built tip oi - 1. 2 mm thick K-5i pellicles. Stack 1 consists latitudes ý Ž 33 N. Solar flare and quiet day spectra
of 82 such peltcl es cf area 4 ir. x: 6 in.. and contains were obtained A comparison of the 1960 and 1961 re-

-fi 1 4O stopptne K-. ZUmack 2 consists of 117 pellicles sults leads to the following conclusions: (l' A 'tlgntuficanE
flux of low- energy protons is continually present in the

of area 6 in. x 8r in. and was exposed to - 106 K- Incident primary radiation In the years of high solar artlvity.
at -800 mev/.c. To date -400 mesic hyperfragments '2) This flux dpicreases with the declining level of s'oiar
(MHF) have been found in stack I and -~ 100 MSF In stack activity as the galactic cosmic- ray flux Increases. It is,
2. Measur'ements on these events are now In progress, therefore, suggested that it is of solar or,gin. (3) The
arid pr ellti'Linary results wi.. be presented. In particular time dependence of the obs( rved proton flux suggests the
a compariuon of MHF production by K- at rest and 'n following: alternatives: (a% the particles are produced or
flight will be attempted. In addition data will be presented released mere or lot-s continuously by the sun arnd do
bearing on the binding energy (BA) for those hypernuglel not originate nnly in the large f'are events; or (b) the
where B. is rather poorly known, a~s well as on rare de- particics are produced in Indtvidual large solar flares

AA of of hyperfragments. If Sufficient data are avail- and subteq~uently stored over long periods of time.
Thi seon alternative would require a new and as yetable bim then, an estimate will also be given for the lifs- unknown storage mechanism with a cha-racteristic time

time of the A ý)oun- in ituclear matter, of about 30 or more days (Cont.-actor's abstractt

571 573

Chi-Ago U. Enrico Fermi Inist. fo.- Nuclear, Sti.dles, IIChicago U. Enrico Fermi Inst. for Nuclear Studies, I1I.

THE PHYlSICAL SIGNIFICANCE AND APPUICA'T¶ON
111C- ENERGY ELECTRDE- OF SOLAR O.f GIN, by P. OF L, B0 , AND % TO GEOMAGNETIC-ALLY TRAPPED

CA)S-97)(Sponsorel joire-.v by Air Force Office uf PARTICLES, by E. C. Stone 11962i 110ý- Inci diagrs.

AernauicsandSpace Administra-ioi, and Natl~ic.2 nlsie
Science Foundation) Unclassified

Also published In Phys. Rev. Ltrs.. v- !t, 387-389.1 i -u3

In a d~prle field, many different inv2riantr shells il, Btn"
The e)6stence of electrons :n the primary cosmic radia- thare exactlv the same lines of force. Tliese inv.riant
tion has been established over the past yr The question. shelis are therefore members of a degener~.te swci:
whether these electrons hare their origin in the galaxy, In the gco'nagnetic field, which .s sassuned stat:., id
within the solar system, or both, has rer.,alned open. withoat electri c field, these deger.erat e syr'tein5a)S e
Attempts were made to investigate whether electrons in Feplt by azimuthal asyrr"-,r.7.; A di',Anctlor .. i made.-
the energy range fro'r 100 rnev to several bev may . th~refore. between the use of parameters af invartao.-s
emitted by the sun during solar flures which are lcono hre atce ointnaln ersentatlonr
to produce pritons of -firnillar e':ergy. An observ-ation and their use as co-tstants for all parttclpis on a ii~e )f
is reported here wht-hi shows that electrons may be forc.' (degenerate representation). It is founde that
emitted try the sun &.ringt a solar frare an that the active Mcflwair~ss L %alue associates ncndegenerate geomnag-
regl~m, w~tch passed cen-ter meridian on July 14, 1961 ,,i~cu shells w.ith :hpcle ,Jegenerarte svstems if L at a
did in&eed emit electrons with energies about 100 mev p-nn^ in space is ra-deft,...'d t,- -:plv only to lai r - lefi
which ýýeuld be observeo at the earth. mirroring ait tOat po,,int. Emf -tsis-' is placed on thre re -

defli'd L as ar .- eian arame~e' of Particle motion
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and on the near equality of the L value of a particle and 0810) (In cooperation with Not thwestern U.,* Evanston.
the' equatorial radius PVof the line of force on which thE 1ll.) (AF AFriSR-62-358) Al)61W636 Unclassified

partcle is mirroring. Although the original definition ulf
L resulted in a very useful parameter. the present defini- Also published in Nitovo Ctmý to. St les X, v. 27,.
tion allows a physical i'iterpreta~tion of L as originally f-07lo869, -Mar. 1, 1963.
.applied and extends its usefulness beyond that allowed byReusarprendontebdignrgeofhe-
the o:itinal definition With the present definition, theReutarpesndonhebdignrisofye-
dtfferent values of L along a line of force can be identified nuclei of mass rnumber A --5 The data from 56 w--de-
with Vie radial separation of particles mirroring on tha cays of such hypernuclet are combined with the previously
,ine as they drift in longitude. This separ-ation is 27ý existingl data. Problems in the identification of the
of tt e sheti radius and represents the accuracy with which heavier hypernuclel are critically discussed.. The pos~l-
a s'nigie nisgiettc field parameter, such as the minimum ble existence of an isomer',c state of 7 HeAlis considered.
field intensit-, F oi a line, describes all particles on the
ibw ta cegenerate representation). Beyond 3 earth radii,
t.1: found that %~ gi*.es a representation of ccazparable 57

acedracy. However, an Invariant representation (L. Bm)

or (1, Bm ) is inited only by the accuracy of the deter- Chicago U_> lnst. for the Study of Metals, Ill.

mtinalion of the mirror field B Inand the longitudinal -.- EXPERIMENTAL AND THEO)RE71CAL INVESTIGATION
variar~t 1. both of v~htch depend cin 'he accuracy of the OF THE ELECTRO)NIC PJK)PERTI1ES OF GERMANIUM
magnetic field represcentationi. (Contractor's abstract) SEMICONDUCTORS AT HEMUIM TEMPERATURES, by

H. Frltzsche. Final technical rept. Feb. 20, 1962, 14p.
574 icl. refs. (AFOSR-2277) WA 49(638)802) AD 283261

574 Unclassified

Chi ng.o U. Enrico Fermi Inist. for Nuclear Studies. 111 Germanium semiconductors were prepared by transmuta-

LOADNG O EMLSIOS STCKSWITHAQUEUS ion-doping. in this method, pure Ge or Ge containing
LOAIUIONG OF MUTILSM! SCTAC E. WITDH .A Davin a ktnown Impurity concentration is Irradiated with slow

R. Levi-Setti and others. [1962j [131p mnci illus. neutrons. Ge adG capture these neutrons and
diagrý. mni~es. (AF)SR-64-0510i [AF AFOSR-62-358j transmute into Ga 71and As 7, respectively. in a ratio
AD 43ý375 Unclassified which depends on the Isotropic abundances and capture

crossisections. The advantages are: the compensation
Alss pt~blshed in Nuovo Cimento, Series X. Suppi. no. ratc i accurately knowni; one can prepare series of

26_345-f571, 1962 samples in which either the compensation ratio Is held
constant and the Impuritt concentr-ation varies, or the

It Is shown that thick pellicles can be loaded with minority impurity concentration Is fixed and the majority
lithium acetate solutions still maintaining all the desirable impurity concentration is vrarted, or the majority tin-
geometrical and physical properties of normal emulsion, purity concentration is fixed and the minority Impurity
Aside from the main purpose of the method, that of intro- concentration Is varied-, and the samples are homogene-
ducing lithiumi atoms in the emulsion the loaded pellicles; c.
offer a number of interesting properties which may he
helpful in various applications. Loa-ding with lithium
acetate increases appreciably the relative content of light 577
elemenits in the emulsion- Experiments in which water
loading Aras previously required can he carried out with Chicago U. Inst. for the Study ýf Metals, IIL
tl~e advantage of a better track image, using these emul-
sions. The production of hyperfragments from K- capture MOBIUITY OF TOM IN UQUID He4 I AND He3 AS A
stars wrill bye undoubtedly enhanced, while the decreased FUNCTION OF PRESSURE AND TEMPERATURE, by
stopping power (with respect to normal emulsions) may L. Meyer, H. T.ý Davis and others. [1962J [81p. inc.
pro,6e useful in lifetime studies. Additional advantages diagrs. tables, refa. (AFOSR-1777) (Sponsored jointly
arise from the fact that pellicles originally 1 200 urin, by Air Foi re Office of Scientific Research under AF
This .my serve to increase the densi ty of tracks by al- A FUSR- 61- 52 alid National Science Foundation)
most a factor of 2, of some value in ihe presence of Unclassified
beams of low intetis'ty. The effort in tracing long tracks
~through the stack is reduced and the efficiency in detecting Also published in Phi's. Rev., v. 126: 1927-!934,
co~nrifcted events in a single pellicle is corres,-ondingly
incrfased.t At. experirmental study us presented of the pressure and

temperature dependence of the mobility of the positive
j~z ani neg*ative species o! charged particles in liquid

~~~~~~~~. ~~~~ ~ i ~m~U nioFriIs.frNcerSuis l.H 4 above the )transition and in liquid He 3 . The mo-
('-ia,7, U.Enrio Frmi nst forNucear tudes, 11.bility of the pastfive species In He 4decreases linearly

BIINDING ENERGIES OF HYPERN';CLEI WITH MAISS with increasing density, and the Stokes radtus of tbhe
N-MBER A -5. by N, Crayton, D_ H., Davis and others. p.,sltlve species is Inversely proportional to 7'r. n~e

~ ;q p. ~ cl. diag s. able , re s. A F O1295 m obility of the negative species Intially Increases w ith
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increasing density and then falls off linearly with further 579
increase in density. The Stokes radius of the negative
species increases with increasing temperature. At con- Chicago U. Inst. for the Study of Metals, Ill.
stant density the moboitties of both species in
He4 and He3 vAry very slowly with tiperature, At the EXCITON- EXCITON TNTERACTION AND PIO10-

vapor pressure and around 2.V2'K there is a larger teen- CONDUC71VITY IN CRYSTALLINE ANTHRACENE. by
penture dependence than indicated above, but this is S. Choi and S. A. Rice. 119621 [8Ip. Incl. diagr. table,
probably due to the approach of the X transition. The refs. (AFUSR-J376) (Spansored jointly by Air Force

Office of Scientific Research under AF AFL)SR-61-52,

mobility of the positive species in He
4 

and He
3 

at 3.0 K National Science Foundation, and Public Health Service)
Is a linear function of density, independent of the isotope. Unclassified
(Contractor's abstract, modified)

Also published in Jour. Chem. Phys., v. 38: 366-373,
J ?A. - R..-•A6--2183; AD 452415)

578
In this paper the mechanism of photoconductivity in

Chicago U. [Inst. for the Study of Metals] Ill. crystalline anthracene is considered. It is shown that
2 excitons may interact to form a pair of charge carriers

KINETIC THEORY OF DENSE FLUIDS. XIM. ELEC- and an unexcited molecule. The computed rate of gener-
TRONIC AND IONIC MOTION IN LIQUID He

4 
I AND adon of charge carriers is 3.7 x 108 cm-

3 
scc-1, in

LIQUID He
3

, by H. T. Davis. S. A. Rice, and L. Meyer. satisfactory agreement with the (approximate) expert-
11962] [7kp. incl. tables, refs. (AFO•P 1375. (Spon- 3 -I
sored jointly by Air Force Office of Scientific Research mental value of 7.2 1 cm sec when the exciton

under AF AFISR-61-52, National Scie•tr• Foundation, c,-iicentratton is 1.2 x 1010 cm"
3

. Other qualitative
Petroleum Research Fund of the Amer4.-an Chiemical features of the proposed mechanism are in agreement
Society, and Public Health Service) Lnclaasifled with observation if electron-hole recombination is

accounted for. Recent experiments by Silver demon-

Also ublished in Jour, Chew. Pnys., v. 37: 1521-1527, stratir.g a photocurrent proportional to the square o! the
c•'..- f• light ir.teastty, and by McGlynn demonstrating the

necessity for stnglet states as the kinetic intermediate
The mobilities of positive and negative charge carriers in charge-carrier generation are in agreement with the

in liquid He
3 

and He
4
! are calculated and the resultant model proposed. (Contractor's abstract)

agreement with experiment is excellent. The negative
carrier is taken to be an electron. Due to electrostric- 580
tion and density fluctuations the effective mass of the
electron is of the order of 100 electron masses. In
addition, the disorder of the liquid leads to incoherences Chicago U. Inst, for the Study of Metals, Ill.

in the scattering of the electron from atomic pseudo-
potentials. The positive carrier is taken to be He 2 A. EXCON-DEXCIITON INTEORAC TCOTNS AND PHOLb. -

2 CONDUCTIITY IN ORGANIC CRYSTAL, by S. Ch:)i
extension of the theory of Rice and AlInatt leads to a and S. A. Rice. [1962] [3]p. (AFOSR-J377) (Sponsored
formula for the mobility in terms of a quantum- mechani- joint'v by Air Force Office of Scientific Research under
cal temperature. Electrostriction increases the density AF AFOSR-61-52 and National Sci.ence FouJndation)
about an ton and the dissipation arises about equally Unclassified
from the short-range repulsive forces and the Coulomb
and van der Waals attractive forces. Both calculations Also published in Phys. Rev. Ltrs., v. 8:. 410-412,
involve only basic considerationz and there are no adjust- May 15, 1962-.
able parameters in the theory. The computed effective

mass o! the negative carrier in He
3 

at 3.00 K and 2-atm Northrop and Simpson (Proc. Roy. Soc. (London).
pressure is 105 electron masses: The observed effective v. 244A: 377-389, Mar., 25. 195R) suggest that p'loto-
mass is 97 electron masses. For the negative carrier conductivity in doped anthracene may be due to exciton-

exciton interaction. This possibility is investigated by
in, He 41 at 4.2oK and l-aim pressure the computed and considering thUe properties of a lattice of hydrogen atoms,
observed effective masses are 149 and 128 electron in which it is found that there is a finite probability of
massee, respective'y. In the case of the positive ton. transfer o! exciton energy between degenerate states.
the observed mobility at 2.V2-K and 1-atm pressure In It is suggested that in the case of an organic crystal

He4 is 5.6 x 10"2cm
2
V"Isec"l while the computed value this process may be even more likely.

is 5.2 x 0-
2

cm
2
V-Isec"I. (Contractor's abstract,

modified) 581

Chicago U. Inst. for the Study of Metals. IlL.

ON THE KINETIC THEORY OF DENSE FLUIDS. XIII.
THE MOBILITY OF NEGATIVE IOS IN LIQUID Ar. Kr.
Xe, by H. T. Davis, S. A. Rice, and L Meyer. [1962]
[3]p. incl. diagrs, tables, (AFOSR-J378) (AFAFOSR-
61-52) Unclassified

130 <
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Also published In Jour. Chem. Phys., v. 37: 2470-2472, 551

Measurements are reported of negative ton mnobilities In CiaoU nt o h td fMtlW

liquid Ar, Kr, and Xe, and a comparison of the observa- EXCIO- EXC170K INTERACT[OwV AND PIV'IOCON-
tions with the mode-n statistical theory of transport Is DUCI¶VTTY IN CRYSTALLINE ANTHRACENE. by S.
given. It is tentatively suggested that the negative ion Choi and S. A. Rice. 119621 [81p. tncl. dtagr. table,
involved in these studiee is 0 2 - Accepting this premise. refs. (AFOSR-64-218S) (Sponsored jointly by Air vores
quantitative agreement between theory and experiment Office of Scientific Rftearch under AV AFOSR-61-4'?
is attained if the depth of the non-C aulomb portion of the Nationekl Science Foundation, and Public Eealth Service)
potential well of the 0 2 --Ar Interaction Is a factor 3. 1 UnclasSUi~d

greater than the depth of the 0 2 -Ar potentia! well. Un- Alsenypblished In lour'. Chem. Phys., v. 38: 366-473,
certainties In the calculation of the pair correlation func- i~:f73
tion prevent confirmation of all details of the theory.
(Contractor's abstract) For abstract see Item no. 579, Vol. VI.

582 584

Chicag;o U. Inst.. for the Study of Metals, Ill. Chicago U, [Inst. for the Study of Metals] inl.

ON THE KINETIC THEORY OF SIMPLE DENSE IONS AS PRO)BES INIt) QUANTUIM FLUIIDS, by L.
FLUIDS. )a. EXPERIMENTAL AND THEORETICAL Meyer. S. A. 14 ce, and ii. T. Davis. ['1962] [3]p., cin.
STUDIES OF POSITIVE ION MOBILITY IN LIQUID Ar, diagr. tables, refs. (Sponsored jointly by Air Force
Kr, AND Xe, by H. T. Davis, S. AL Rice, and L_ Office of Scientific Reseitrch under [AF AFOSR-61-32],
Meyer. [19621 [lI0p. Incl, diagra. tables, refs. (AFOSR- National Science Foundation, and Public Health Service)
J3-ý) (Sponsored jointly by Air Force Office of Scientific Unclassified
Research under AF AFOSR-61-52, National Science
Foundation. and Petroleum Research Fund-of the A.lso published in Proc. Eighth Internat'1. Conf. on
AmErican Chemical Society) Unclassitefie Low Temperatn-e Phys., London (Gt. Brit.) (Sept. 16-

22, 1962), Wash'-'Aton, D. C., Butterworths. 1903.
Also published In lour. Chem. Phys., v. 37, 947-.936, p. 53-55.

Measurements of the mobilities of positive and neipative
Measurement of the mobility of positive ions in liquid 3S n 3-(
Ar, Kr, and Xe at various temperatures and pres-oures ions in liquid He at temperatures between 1I 3
is reported. The magnitude, the pressure dependence, arJ pressures between 1 anid 3 atmn are reported, Using
and the temperature dependence of the positive ion the Stokes formula for the mobility of a sphere the
mobility in liquid Ar. Kr, and Xe can be quantitatively authors deduced the radius of the positive ion to be 5A
accounted for by an ex~ension of the theory of Rice and at 3. 2'K& and that of the negative ion to be 14A at 3. 2*K
Allnatt. It is found that negative contributions to the and 9Aat 1. 20] To Interpret these results the positIve
momentum auocorrelation function are of dominant Ion is assumed to be He2 ' And the negative ion io be an
importance. Modification of the simple Nernst- Einstein electro-n. A theorv Is outlined which treats the positive
~elationship between the charge mobility and the self- tons by a semiclassical friction-constant-method Lad
diffusion constant ef the parent atom by Inclusion of the the negative Ions by considering scattering by long-
effects of polarization leads to quantittative agreement wavelength- density fluctuations and using an effective
between theory and expe--iment. The effect of the long mass estimated from polaron theory.
range Coulomb potential is to increase the local density
about .Ž'e ion and thereby to Increase the fri ctior al forces
arising fi om the short range Interaction potentip 1. The 585
rate of dissipation of energy directly by the long-range
Cotilomb potential IF: small compared to the r-Ate of en- Chicago U. Inst. for the Study of Metals, 111.
ergy dissipation by mhe shiort range potential. Agreement
bet~een experiment and theory is very satisfactory if ON THE THERIMODYNAMIC PIVPERTIES OF SOLUj-
the positive ion is Ar 2  Kr - or Xe 'and It is suggested TION8 OF POLARPOLYMERS. A a)14PAIBN OF

2' 2 2 EXPERIMENT ANýD THEORY, by R. Corneliussen, S.
that this is the Ionic species present- Agreement Is A. Rice, and H. Yamakawa. 11962] [Il1p. Incl. diagrs.
much poorer If a different ionic, species is postulated- tables, refs. (Sponsored jointly by &.Ir Force Office of
I! the ions are regarded as probes to alter and study' the Scientific Research under [AF ANDSa.-61-521, Atomic
liquid structure it can be deduced that the current theory Energy Commission, and National Science Foundation)
of liquids seriously miscalculates the change in the Unclassified
equilibrium pair correlation as a function of temperature
and pressure. It io believed that the error arises from Published In Jour. Chem. Phys. , T. 38: 1768-1778,
either a premature truncation of a slowly convergent X--7
series used !, the solution to an integral equiiton, or at
worst, that the assumed series expansion Is Inmid A comparison of experimental and theoretical studies
(Contractor's abstract, modlfied) of the thermodynamic properties of solutions of polar

131 <
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polymers is presented: (a) A new method of achieving the predicted concentration dependence of x. with varying
isopieptic equiltbrlumn is lescribed tn detail. Wb The
excess free e, -rgies of solutions of toluene with poly-p- properties of both polymer and solv~ent. Agreement be-
methyistyrene, .Žqly-p-bromostyrene and several copoly- tween theory and experiment to examined in detail In the
mers of p-methyl and p-bromostyrene are reported " preceding paper. (Contractor's abstract)
analyzed. (0i rhe continuum model of concentrated sola..
tions of polar polymners presented In the following paper 587
Is shown to be accurate for ioI,0. 4, for the polymers CiaoU nt o h td fMtl,11
studied. (d) The perturbation theory of dilute solutions CiaoU nt o h td fMtlIl
of p~lar polymers presented in the follOming paper THEORY OF ZLECT.IONIC AND IONIC MOBILITY IN
shown to prediAct the proper behavior In the limit of zero
polymer concentration. (e) The properties of copoilymers LI DH 4! AN3IUDH y .T ys .A
with small skeletal concentration of polar subunits is Rice. and L. Meyer. f1l562I [31. incI. tables, refs.
xshown to agree with the predictions of the perturbation (Sponsored joi ntly by Air Force Office of Scientific Re-
theory presented in the following paper. (f) The lunda- search under [A F A FOSR- 61- 52], National Science'
menratal assumption of the continuum theory concerning Foundation, and Public Health Service) Unclassified
the relationship between dlpol'ir orientation and chain
connectivity 'examinned and shown to agree with expert- Published In Phvs. Rev. Lirs., v. 9:- 81-83. Aug. 1,
ment. (g) '2)eviations betweero theory and experiment are 1962.
briefly discussed in terms of the basic assumptions of
the ridel, and methlods by which the theory can be tin- A theoretical derivation of electronic and Ionic (He.,')
proved are described. (Contractor's abstract) moiiyi iud e!adH 3 Isgvn Foth

former It is assumed that: (1) the electronr polarizes its
586 surroundings and this state of the medium follows its

motion causing thereby an increase In its effective mass,
Chicago U. Inst.. for the Study of Metals, Iii. (2) the quist-freif etectron is scattered from the atom-,

of the surround~ng fluid, the coherence of scattering
ON THE THERMODYNAMIC PROPERTIES OF SOLU- being determined by the distribution of the atomic
11016 OF POLAR POLYMERS. THEORY, by H. centers. In the ionic case the mobility expression is
Yainakwa, S. A. Rice and others. [1962]19]p. Inc. obtained by the derivation of the results on the transport
diagra. table, refs. (Sponsored jointly by Air Force phenomena of Rice and AlInatt 'Jour. Chem. Phys.,
Office o! Scientific Research under [AF AFOSR-61-52], v. 34: 2144, 1961) using the procedure of Mazo and
Atomic Energy Commission, and National Science Kirkwood for quantum fluids (Proc. Nat'l. Acad. Set.,
Fot .datlon) Unclassified v. 41: 205, 1955).

Published In Jour. Chem. Phys., v. 38. 1759-1767,
7epFTfý1763_ 588

A simple an.Aysis of the thermodynamic properties of Chicago U. Inst. for the Study of Metals, Ill.
solutions of palar polymers is presented. It Is found
that: (a) In the dilute solution regime, a cluster analye's INTRA- AND INTERVALLEY SCATTERING AND THE
identical with that ased in the theory of solutions of non- TAILING OF THE QONDUCT1ON HAND IN IMPURE
pilar polymers can be developed, but with the thermo- N- TYPE GERMANIUM, by H. Fritzsche and M. Cuevas.
dynamic parameter z now dependent on the dip-le mo- [19621 !6k. (AFOSR-3569) [AF AFOSR-62-1781]
ment, dielectric constant, etc. (b) In the concentrated AD) 6122i34 Unclassified
solution regime, a continucim theory can be developed
based on the assumption of uniform mixing of polymer Als3 published tn Proc. Internat'l. Conf on the Physics
chains and the use of cavity field and reaction field argu- irKem!conduc~tors, Exeter (Gt.Brit-), July 1962, p. 29-
ments. (c) For -i"'--te solutiona oif a polar polymer &n a 34.
nonpolar s!olvent, or 2 nanpolarizable polar polymer in
a polar aolvent, th~e .7;vstem is elutvalent to an ordinary The piczoreslstance of degenerate n-type germanium
nompolar polymer-po3or solvent system. (d) It Is generally doped with arsenic has been measured at 1.3 'K using
true that 0I-e solvent becomes poorer zs the dipole mo-~ unlaxia compression along (110) and (111). The largest
ment and or polarizablllty of the segment are Increased. srs a5x109 y' c.Ier3tSaeom
Also, the solvent becomes better as Its dielectric con- srs a 0dn'qc.Ters t saecm

stat icrase. () n te cseof concentrated solutions pared with a simple degenerate model which Includes
oftan Increasos.mer in anplzsovtthe ase co-Intra- and Intervalley scattering but which neglects the

of atin pol the p lolymif n Inan rwla -olenterth poari con-r passlbtity of tall states. An appreciable contrlbartion
rbuio torese wthe F ncry-Hugins conc~energparion ()In ier to Intervalley scattering was found. The mobility due to

deceass wth ncrasig cncetraion (f Intheintravalley as".'tering appears to be independent of im-
case of concentrated solutions of a nonpolar polymer In3
a polar solvent, X., Increases with increasing concentra- purity concentration between 8 x 1017 and 5 x 1018 cm3

tion. (g) The dilute solution theory and concentrated (Contractor's xbstract)I solution theory predict the samse functional form for X
in the limit of zero polymer concentration, but the nu-
merical coefficients differ. (h) The results of extensive
digital computer calculations are presented In terms ofI ~' 132 e
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Ctaag' U Inst. for the Study of Metals, IlI, Chicago U. Inst. ior the Study of Metals. Ill.

HALL CO)EFFICIENTS OF UQUID METALS, by A. J. SELF-DIFFUSION OF PALLADIUM (N SILVER-
Greenfield. 11962] [21p. Incl. diagr. table. (AFCiSR- PALLADIUM ALLOYS, by I. L. Rowland and N. Hf.
J574) [AF AFOSR-62-178J AlD 415204 Unclassified Nachtrieb. [19621,211p. tric. diagra. table, refs.

(AFOSR-5171h (AFAPOSR-62-231) AD416440
A!~lsýilkshedIn Phys. Ltrs., -.. 3,121-122, Dec- 15, Unclassified
1962.

Also pu'aished in Joar.. Phys. Chem., v. 6?7 2817-
An experimental technique having an error a factor of 4 i'~V£3
less than that of previous work has been developed for
measurement of the Hail coefficients. R, of liquid metals. The self-diffusion coefficient of Pd Is reported for 850o
Results obtained on Hg. in, TI, and Pb are reported In. and 996~ -In a series of silver- palladiumn solid solutions
the present note. For Hg and In, the measu-ed Hall in which the atom fraction .)f palladium ranges from 0 to
coefficient is equal to the free electron ve~lue, i. e. , the 0. 204. For each temperature the dtta may be repre-
value obtained from an el#-ctron concentration equal to sented by an equation of the form DPd DPd9 ezp(bX),
the atomic concentratlrnn times tie valency 2 for Hg an where X is the atom f racton Af Pd and b = -7. 5.
3 for In. For TI and Pb, however, the measured Hall Alternatively, the results conform to the equationDd
coefficients are about W;: and 321; smaller than the d
respective free electron values corresponding to a 0. 0165 exp (- 17. 21 Tmn T). i ndicating that a correspond-
valency of 3 for TI and 4 for Pb. Ing states law. Is followed in this nearly ideal system-

(ConL'-actor's abstract)
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Chicago U. Inst. for the Study of Metals, Ill.

EFFECTOF ELA6TIC STRAIN ON tNTERBAND Chicago U. Lab, for ~.?pIted Science, 1ll.
TUNNEIING IN Sb-DOPED GERMANIUM, bv H Fritzsche VEXPMMENTAL INVESTIGATIONS8 OF TRAZ iPORT
and J. J. 'flemann. 1 1962] [10]p. incl. diagrs. tani!e, PROPERTIES 3)F PARTIALLY IONIZED GASES. by P.
refs. (AFOSR.J892) (AT AFOSR-62-178) AD 416536 J. Dickernian. FInal repI. Feb. 15, 1961-Feb. 15,

Unclassified 1962. Mar. 1962, 59p. Ind. tIlus. diagrs. tables, refs.

Alsopubishd i Phs. Rv.,v. ): 17-26,(Rept- no. LAS-TR-207-2, (AFOSR-2432) (AF 49(638)-
AlopblsedinPys Rv. . 3) 1762,1033) Uncla~ssIfed

Recent advances in electric arc researct and develop-
The effects of untaxial compression and of hydrostatic ment allow stable hitgh- temperature environments to be
pressure on the direct and indirect tunnieling processes obmained o3ver extended periods9 3f time In the labo)ratory.
In germanium tunnel diodes have been studied experi- By making use of the known relationships between tern-
mentally inder forward and reverse bias at 4.2 K and perature andl conductivity in such arc discharges and by
compared with Kane's theory. The diodes were formed experimentally measuring the current density, electron
by alloying Indium doped wAt 3 81 gallium on (100; and density, and temperature. the effective cross secnion of
(1;10) faces of germanium bars containing an antimony atoms which impede the electron flow can be determined.

conentatin o 5. x10 3m. Tefirst order Thus, atom-electron collision cross sections can now be
change of the tunneling current with stress was meai- red measured .n the Interesting energy- range of I to 2 ev,
at fixed bias voltages. For blases smaller than 8 my the lower tL_.n heretofore possible using conventional beam
current Is direct and not affected by the relative shifts zpparatus. Techniques involved In makidr the necessary
of the (I111) conduction band valleys. In the bias rang~e of spectroscopic and electrical measurements are givea.
Indirect tunneling the anisotropic tunneling from the 1!]1)1 and results obtained for 3 gases (argon, helium, and

vallys as bseved n areeentwithther:; Inther~itragen) are presentei. These results are then used
range of direct tunneling to the (000) coniducrtion band the to determine several of the transport properties for
current change Is correlated with the stress inducied these partially Ionizei gases. (Contr-aetor's abstract)
change of the direct band gap and of the energy separation
between the (11l) and (001)) condjction bands. This sepa-
ration was found to be 0. 160 z0. 005 e-. at zero, stress in 59
agreement with 3pbcal measurements on degenerate
germanlLM. Some details of the bias dependencze of the Chicago U. Lab for Applie-d Sciences, ill.
pressure effect Including some fine struzture at small.
biases remain unexplained. SPECTRAL UXNE SHAPES AND TRANSITION PROBA-

BILITIES FOR ARGON, by P. J. Dickerman and B. P.
Alp'ner. jl962]j f3Ip. imd. d~agr. table. (AFOSR-4Z181
[AF Alt)SR-62-26-3; Unclassified

Also published In Jour. Quant. Spectros. and Radiative

13- Transfer. v. 2:305-307. July Sept. 1982.
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A dip In the en' silon profile of each of 5 strong atomic Tlo investigate the potentiality of the one- center expansion
argon lines (65uOA-9000A) excited In the plasma of a method. calculations were made using a general purpose
htgh pressure arc in argon, 4 discussed In terms of computer program. Computations on the following
possible setlf-absorption even though the lower levels of the molecules in their ground states were made:
transitions are at -~ 11 ev. The effect is not present in the CH4 NH ,NH* H 0, HID, HF, SIH PH PH-, H 8

prilso 8 weaker lines. 4- 3 2' 4' 3' 4 2
HS . and HCI. The equtltbrlum configuration was
established In each case and results are presented In

50-4 table form. Details of the w'ave function for the calculated
equilibrium of H20, as a typical example, are also re-

Chicago U. Lab, for Applied Sciences, Ill. p-orted.

FLUORESCENCE SPECTRA AND UIFETMFES OF
SOME RARE-EARTH COMPOUNDS. by F. F. Rieke 597
and Ri. Allison. 11962] 121p. Inc. dlagr. table. (AFOSR-
J5406) (AF AFOSR-62-292) AD 407874 Unclassified Chicago U. Lab, of molecular Structure and Spectra, Ill.

Also published in Jour. Chem. Phys., v. 37:. 3011-3012, ACCURATE ANALYTICAL SELF-CONSISTENT FIELD
Bic 757T r" FUNCTIONS FOR ATOMS. It. LOWEST COrNFGURA-

71ONS OF THE NEUTRAL FIRST HOW ATO,44-, by
Measurements of the fluorescence lifetimes of 7hAn3  E. Clementil, C. C. J1. Roothaan, and X. Yoshimine
and EuD3 were made at 25'C, 0*C. and 77'K. T'he same !1962]' i3jp. -net. tables. (AFOSR-4039) (AF 49(0>38)1068t

measurements were made on chlorides of europium and Ucasfe

terbium at 2S'ýC and 770K only. The fluorescer.ce life- Also published in Phys. Rev.. v. 12?:,1618-1620,
time at 25'C for the chelated rare-earth comrpounds to
found to be more than twice the respective chloride life- Sp.1 92
times; for Eu!)3, 529 osed, for T1"n, 1067 usef.. The Self- consistent field wavefunctions have been obtained
measiire-ients at 0 ýC and 77 'K showed that tWe fluores- for the ground states of the first raw atoms and for the
cence lifetime for bn3increased slightly, while ftha excited states belonging to the same configurations.
Ifr Eu 3 rminducane.Tey atre the solutioei of, the variational problem of findingor EID3 emaied uchaned.the best orbitals for a given state, without any add Itonal

approximations except for those inherent in the eWpansion
595 method. (Contractor's abstract)

Chicago U Lab. of Molecular Structure and Spectra, Ill.
598

fQUANTUM MECHANICAL CALCULAMINS ON ATOMS
AND MOLECULISJI by C. C. J1. Roothaan Fintal tech- Chicago U. j Lab. of Molecular Structure and Spectra] Ill.
nical r..pt. Apr. 1, 1961-1-1inr. 31, 1961, 3p, (AKAVRl-
4029) (AF 49(638)1068) AD 240666 Unclassified ATOMIC SELF-CONSISTENT FIELD CALCULATIONS

BY THE EXPAINSION METHOD, by C. C. J. Roothaan
Techniques for performing quantum mechanical calcu-.a- and P. S. Bagus. (1962] [59jp. incl. tables. refs.
tious on atoms, and molecules were deve,~oped- A number (AFOSR-4040) (A? 491638)1068) AD 290668
of calculations on actual atomic and molecular systems Unclassified
were carried ou:. Important achievements were in
(1) atomic self- n.inalstent field calculations; (2) calcula- The expansion technique is extended to a class of atomilc
tions on linear 3- aud 4- center molecule-s; (3) computer states which may have one open shell for each svinlnetry
programs for "iltomilc molecules; and (4) one-center species. The equations which are derived then are the
expansion for polvatomic molecules, answer to the question of finding the determinant for

sometimes sum of determinants) of lowest 'otal energy,

under the constraint that this total wave function has the
596 appropriate symmetry and spin properties. A computer

program, written for the IBM 7090, and based on the
Chicago U. Lab, of Mý,lecular Structure and Spectra, 111. expansion method, is described- The following topics

are discussed:. general theory, calculation of integrals,
ONýE-CENTER EXPANSION SELF-C0ONSISTENT FIELD elgenvectors and elgenvalues. SCF iterations and extra-
MOLECULAR ORBITAL ELECTRONIC WAVE FU-%C- polations, convergence control, expinent variation. out-
MIONS OF XH nMOLECULES, by R. Moccia. fl1962] put format and options, input format and conventions,

121p. Ine. tables, (AFOOR-4030) (Sponsored jointly byanlmitosofhepgr.
Air Force Office of Scientific Research under AF 49-59
(638)1068, National Academy of Sciences, ani National
Science Foundation) Unclassified Ch!le U., Santiago.

Also published in Jour. Chem, Phys.. v. 37: 910-911, ANATOMICAL BASIS OF PATEERN RECOGýNITION, by
Aug- H. IL Maturana. Final rept. f1962] Sp. (AFOSR-5250)

[A? AFOSR-61-44] AD 416510 Unclassified
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Work on the visuAl system of the pigeon is summarized. (4etherlands) (Sep'. 10-17, 1962). Amsterdam,
The classes of retinal cells ar,- defined by the descr.p- Excerpta Med-ca Foundation. v. 3:,170-178. 1962.
nion of the aptimal stimulus configuration to which the
cells respond The cells of each class, however show The response of the retinal ganglion cells of pigeons is
snime variability with respect to the size of the response studied when stimulated ny specific visual configurations
and its mnicrostructure. The size if the response de- rather than luminous pontns, T'he cells are found to be
pends- in general on the direction and tntensity oi contrast grouped into 6 classes: verticality detectors, horizon-
and the speed of movement. T7hat the various classes of tality detectors. general edge detectors, directional
cells are retinal is shown by the fact that it is possible moving edge dertectors, convex edge detectors, and
to register their activity from a cut optic nerve It is luminosity detectors, The first 5 do not respond to
"only in relation to the verticallity detectors that prtof luminous stimuli in tuost casses b~it only to an adequate
cano it be offered. Color vision experiments indicated visual configuration. The retinal ganglion cells of the
that in mammals both form and color vision are mediated pigeon are compared to those of the cat and it is thought
W. the same elements which project to the lateral1 genicu- that they represent 2 types of visual systems: (1) a
late body, and from there to the cerebral cortex. In deterministic systenm In amphibians. reptiles and birds
birds and amphibian~s they are separated. Form vision in which the function of the ganglion cells is highly
is niediated by cells that project to the tectum, while specialized and unambiguous: and (2) an indeterministic
c..,or vision appears mediated by ceis that project to system In mammals in which the function is unsepcific
inw diencephalon at a nucleuss homologc. *s to the lateral and ambiguous. it is also suggested that complex cell
geniculate body, functions are no: achieved by simple algebraic suinma-

tion of excitatory and inhibitory processes, but that these
pro.-esses play a role of components in the configuration

1670 of afferent impulses.

Cn~le U.. Santiago.
602

UN1ID1RECTIONAL RESPONSE TO ANGULAR ACCEL-
ERATION RECORDED FRO)M THE MIDDLE C'UbTAL Chile U.. Santiago.
NE~RVE IN THE STATOCYST OF OCTOVPUS V CLGARIUS
by H1. R_ Maturana and S. Sperling [,l962112y.. inc. E~LECTRO)ENCEPHAL.OGRAM IN THE PERMAN7ENTLY

ltu.(AFtISR-J842) (Sponsored jointly by Air Force ISOLATED FOREBRAIN OF THE CAT, by J, Villablanca.
Office of Scientific Research unde-r AF AFOSR-61-44;, 1196211t3]p. icl. tllus. refs- (AFOSR-J312) (AF AF-
National Science Foundation, and Office of .la%-Al Re- IOSR-62-392i AD 408054 Unclassified
searchi AD 416520 Unclassified

Also published in Science. v. 138: 44-46, Oct. 5, 1952.
Also published in Nature, v. 197- 815-816, Feb. 23.
1963. Thp cereboral cortex )if cats with chronic or permianent

niesencephalic transections of th2 brain stem showed
Ir these experiments. recordings were matd from the both high- voltagz, slow-wave synchronized electro-
left siatocyst of 13 animals, and more than 60 units. encephabigraphic patterns and low-voltage, fast-wave
'solated oi in groups, w.ere studied. The results indicated desynchronized rhythms when studied postoperatively.
2 mn..n facts (1) That the same unf I responds to 2 modes The after:.ation of sleep and wakefulness electrical ac-
of stimulation, namely, to low-frequency -itbrazý.on and tivity in Mhe permanently isolated forebrain is con-
to an -ular acceleration. These ditferences In response trasted with the observations of Bremer in the acute
pattern could oe used for their central distinction. A cerveau isole* preparation. (Contractor's abstract)
%Itniilar duality of response Is found In statocyst receptors
-,f crustaceans. i21 That there is no resting acti-vity and
tt'at the response to angular acceleration is unidtrectionai. 603
11 hether this unid rectionailty 'is due to a mechanical
property of the statocvast. the cupula or the hair cells, or Chile U. . Santiago.
to the in.teraction of :he latter with local neurones. is
no, ;'.e known, b~it this property and the absence of resting CONDITIONED DEFENS"E MOTOR REFLEXES IN
activity make this system different from the known equl- CATS. ELECTIK)ENCEPHAIX)GRAPHIC, ELECTRID-
l-.briuni systems of vertebrates and crustaceans. CARDIOGRAPHIC AND RESPIRATORY CONCOMITANTS

(Abstracz), by G. Santibanez-H. '1962i 11p JAF
A.FOS R- 62- 393; Unclassified

601
Published ,n Proc. Internat'l. Union of Physiological

ChtieU.. Sntiag. scences. Twenty-second Internat'l. Cong., L-eydenChile _ Saniago.(Netherlands', (Sept. 10-17, 1962), Amsterdam, .Excerpts
FUNCTIONAL ORGANIZATION OF THE PIGEON Medica Foundation, v. 2: Abstract ivi. 11112, 1962.
PETI.NA. by H. R. Maturana. 11962; [9) tnc. diagirs.
(AFXOSR-65-i963) (AF AFOSR-61-44, AD 626,389 Observations were made of the motor, respiratory and

Unclassifted cardiac reactions and of the cortical and siibcortical
electroencephalographtc responses. The associatIon

Also pub'ished in Proc. Internat'l. Union of Phystolo-Ical between an Indifferent stimulus and a discharge in tht
Sciences; Twenty-second Internat'l. Cong.. Leyden paw was used to indicate conditioned excitatory activity.

TNo Inhibitory conditioned reflexes were estatblished.

-. 135 -



AIR FORCE SCIENTIFIC RESEARCH

one of differentiation and one of conditioned Inhibition, are xzamIned with the main purpose of assembling the
Before regeneration, there was generally no cardiac or regional Information nieded to establish a list of possible
respiratory response. Evoked potentials always occurred lunar mineral deposits and to p:st-lste on the origin of
in the reticular formation, hippacampus and co, tex when the Moon with emphasis on probable composion. Im-
the animal focu.sed ,ts attention on the stimulus. The portant problems related to the structural pattern of
discharge In the paw produced defense movem-nts, an the Moon are discussed. A special study Is devoted to
increase in heart rate and a decrease in respiratory the Vredefort ling stracture (South Africa), which has
rate and amplitude. After regeneration most of the cats been recently interpreted as a convincing example of
passively awaited the electric shock and the conditional asteroidal impacts op the Earth. The distribution of
stimulus produced bradycardia and hyp3pnoea. In the craterlets is analyzed by statistical methods, in order
case of conditioned inhibitory reflexes, &fferentl!-tion to establish whether these typical lunar features are
could ee established perfectly from the cardio-respira- originated by volcanic activity or impact phenomena.
tory point of view. On the other hand, in spite of the The thermodynamic aspects are an attempt to provide
many sessions gone through with some animals, it was 2 bro-ad reconnaissance of the stability of rock-forming
not possible to establish conditioned Inhibition, mineral oxides with respect to pre-ssre and tempera-

ture. (Contractor's abstract)

604
607

Cincinnati U. Dept of Chemistry, Ohio.
Colbrado State U. Dept. of Mathematics and Statistics,

EXCHANGE REACT[ONS IN GROUP II ORGAhNO- Fort Collins.
METALLIC SYSTE?#, by R. E. Dessy. F. Kaplan
and others. [1962] [3kp. ircl. tables, refs. (AFOSR- STURM-ULOUVILLE SYSTEMS THAT GENERATE
J1153) (AF 49(638)824) AD 423127 Unclassified FAMILIES, by F. M. Stein. [1962] [8kp. (AFOSR-64-

1322) [AF AFOSR-62-219J AD 444138 Unclassified
Also0yublished in Jour. Amer. Chem. Soc., v, 85: 1191-
"T103, "P'•-A,19631 Alsopublished in SIAM Rev., v. 6: 12-19, Jan. 1964.

Exchange reactions in dialkylmetal-dialkylmetal systems A famihy of Sturm-Liouville boundary-value problems
(R 2 M and R; M`) involving organometallic compounds is defined to be the collection of all St-irm-Liouville

derived from grop TI metals have been Investigated. Ex- boundary-value problems which can be obtained from
change is rapid except when mercury is one of the metals. a given one by repeatedly differentiating or Integrating

A pathway Involving the transfer of one groqp at a time the differential equation space and applying the 9-.en
fr.m the metal giving rise to unsymmetrical species boundary conditions. The author gives a necessary
RKR" and RM'R' must be present. and sufficlent condttion that a Sturm- Lioaville problem

generates a family. He also shows that the derivatives
of the eigenfunctions of a Sturm- LAo,wille problem,

605 which generates a family, are orthogonal with respect
to a weight function which can be calculated explicitly.

Ca-kson CoIL of Tech. [Dept. of Physics] Potsdam, N. Y. (Math. Rev, abstract)

EFFECT OF QUENCHING ON THE ELECTRICAL
RESIS•w•TY OF A fl-BRASS SINGLE CRYSTAL, by M. 608
C, Martin. [19621 12kp. IncL 1Wr. table. (AFOSR-
J890) (AF AFOMR-62-254) AD 415996 Unclassified Colcrad3 State U. [Dept. of Mathematics and Statistics',

Fort Collins.
Alsopubltshed In Jour. AppL. Phys., v. 34:, 1835-1836,

I l0&7 A TCHEBYCHEFF TYPE INEQUALITY FOR GAMMA,
by T. L. Connell and F. A. Graybill. [1962] 9p. incl.

A sharp peak in room temper.ture resistivity was ob- diagr. [AF AFWSR-62-220] Unclassified
tained when quenching i-brasa from the region of the
critical temperature. It is suggested that this is due An attempt is made to find an inequality that is an
to quenched-in disorder. improvement of Tchebycbeff's inequality for a random

variable that Is distributed as gamma with parameters
r and k.. This necessitates showing that

606' fl ) --a ;

Colorado School of Wines Research Foundation. Inc., )I-. fl-a ) dv , .ea

Golden.
for all a > o and n_ Il, where fI(-) is the density of a

GI'XOLWGTCAL AND THERMODYNAMIC AS•PEC iS OF1
LUNAR I)CIW, by P. C. Badiley, F. C. Jaffe and chi-s&ure divided -y n, its degree of freedom.

otbera. July 1962. 86p. incl. Ihlls. refs. (AFOSR, DRA- Tche:vcheff's inequality is Pflv-l1- aj 2 1-2a 2
n, the

62-11) (AF 29(600)2378) AD 2,7886 Unclasslfied --improved" inequality established in this 7aper is

Geological and thermodynaamic aspects of lunar rocks P'v-l . a] l-ea -are studied. Several basic problems of lunar geology
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f09 611l

C olorado State 1J. [Dept. o1 Mathematics ani Statitadesi Col~orado U. Dept, of Chemistry, Boulder.
Fort Collins.

STRAIN BIIIERINGENCE OF A SOLUTION OF ROD-
SAMPLE SIZE REQUIRED 1ID ESTIMATE THE RATIO SHAPED MOLECULES, by S. J. Gill and F. R. Pintzis.
OF VARIANCES WITH BOUNDED RELAIWVE ERROR, 119621 [41p. inc. dlagr. table, refs. (AFOSR-2149)
by F. A. Graybill and T, L. Conniell. [,1962] '4j1p. inc. (AF 49(638)310) AD 295967 Unclassified
table. (AFWIR-64--641) IAFAFO)SR-63-469J
AD 446874 Unclassified Presented in part at 141st Wa'L. meeting of the Amer.

Chemn. Soc., Washington, D. C., Mar. 1962.
Also published in Jour. Amer. Stat. Assoc . v. 58:,

164T ~ITbc.1963., Alsoyublished in Jour. Phys. Chem., v. 66: 2046-

This concerns an estimate of the ratio of variances of
2 independent normal populations. The estimator devi- A theoretical calculation is made for birefringence
ates fram the true ratio by less than a given proportion in-luced in a system of rod-shaped molecules which have
p of the ratio, with a prescribed probability. The pur- been subJetted to a 2 dimensional strain of constant area.
pose of this paper io to present a table that can be used A series expression is developed for the orientation 'of
to determin-e the sample size required to meet these a system of rods which have the particular optical and
spec'fleations for values of p = ,2, -.25, .33, .4. .5, .6, geometincal properties of the strained system; then the
.75, 1.0, 1.5, 2.0 and for probability levels I-a-.90. birefringence of this system is given by an expression
. 95, .99. (Contractor's abstract) developed from assumptions of Peterlin and Stuart. This

expression is used in conjunction with birefringence raeas-
uretnents to obtain the optical factor, g, - g2 , for con-

610 centrAted solutions of poly-y-benzyl-l-glutainate In 1, 2-

Coloado , Dpt. f CemisryBouler.dichioroothane. An average optical factor of (5. 4 1 1. 0)
Colorado~~~~~~ U1Dpt0fC-msry3oldr was obtained for these solutions; this compares

BIREFRINGENCE IN A STRAINED VISCOELASTIC with a value of about (4. 0 *±0.1,1 x l0j- obtained from
FLUID UNDER STEADY-STATE ROITARY C 7NDITIONS. flow birefringence measurements (by Doty) - ad electric
It, b. S. J. Gill and F. R. Dintzis. ij1962] 12kp. incl. birefringence (by O'Konski) on dilute solutions. (Con-
d agrs. (AFOSR-1148) (AF 49(838)310) AD 441850 tractot 's abstract)

________Unclassified

AlsopLb~lishedin Jour. Polymer Set., v, 57:,251-262. 612
1962

Colorado U. Dept. of Chemistry, Boulde-.,
A rotary strain device for introducing a calculable
amiount of strain into a viscoelastic fluid under essentially VISCOELAS71C PROPERTIES OF POLYMER SOLU-
ze'rc flow cou~tAtors has been built and tested. The 71ONS AND GELS, by S. J. Gill. Final rept. Mar. 1,
principle, of the device Is based upon the conti-imous 1958-Feb. 23, 1962. Mar. 1, 1962, lv. Inc. illus.
deformation of a flexible Teflon tube which to rotated dtagrs. tables, refs. (APV6SR-2301) (AF 49(635)310)
within a closely fitting, stationary, rigid metal tube that Unclassified
has an elliptical cross section. A polymer solution
placed in such 2 rotating tube is subjected 0- 2n alternat- A summnary of investigations on th.. physical properties
Ing stra~n and rotation of the bulk material. Under such of concentrated polymer solutions Is given. These
conditions a steady-state situation occurs 7ýere the materials In a highly viscous to nea*r gel state provide
material has well defined anisotropic properties. This the concentration bridge between solid forms and very
aritsotropic state is characterized by measuring both the dilute solutions. A number of experimental devices
retardation and orlientation of the principle axes of the which enable the exploration of the correlation between
!nd-iced birefringence. Measurements made on fluid concentration, temperature and polymer structure are
systems at rotations of approximately 50-ý1) rpm yield described.
experimental resul's that agree with theoretical requirE-
ments., Mooney his analyzed the analogous situation of
a microscopIc rotating region- This arnalys s, when 613
apphied to measurements made In the rotary strain
device, permitts calculation of functions pro~)ortioTnal to Colorado U. Dept. of Chemistry, Boul~er.

hestorage modulus, the loss modulus, and the relaxa-
tion function of the polymer. Measurements and calcala- THEO)RETICAL CALCULATI1tM OF STRESS RELAXA-
tions are presented for carboxymethvi cellulose solutions 71ON IN CONCEN~TRATED SOLUTIONS, by R.

towater. (Contractor's abstract) Toggenburger, K. Beck, and S. J. Gill. [19521 [9lp.
incl- diagrs. refs. (AFOSR-J661) %'AF 49(638)310)
AD 414924 Plmr Unclassified
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The Mooney theory sor stress relaxation of polymer Acid-catalyzed additions of acetic acid, formic acid ind
materials bar beea nmerically evaluated in unmodified water to enda-dlhydrodtcyclopentadiene lead to products
and m.difid forms. The modified expressions Include in which almost complete ring lsomertzations have
such effects as mrolecular weight distributions and en- occurred. On the other hand, addition of methanol (or
tanilement or po.lymer Interaction distributions. The of water in methanol solvent) to dicyclopentadiene,
relaxation behavior was found to be highly dependent followed by hydrogenation, elves a mixture containing
upon the number a! Interaction points per chain mnlecule about 1 patr of endo skeleton unrearrunged product to 6
particularly for small nu~nbers. The distributions in parts of exo skeleton product. Solvolysis of the toltene-
molecular sizes and in the number of Interaction points sulfonatcs in methanol both give a large prepindzn'--nce
havt a much smaller effect on the shapes of the relaxa- of exo prutluct. Addition of methanol or of acetic acid
don curves. A comparison of the theoretical stress re- to norbornadiene gives substantially more dehydro-
laxation behavior is made with birefringence relaxation norbornyl methyl ether, or dehydronorbornyl acetate in
da••. The region of correlation indicates a number of 5 the mixture with nortrlcyclyl products than solvolym.rT of
interaction points per molecule of polystyrene at 10 wt% the p-bromobenzenesulfonate. Possible explanations of
in benzen., these results are discussed. (Contractor's abstract)

614 616

Colorado U. Dept. of Chemistry. Boulder. Colorado U. Dept. of Chemistry, Boulder.

ANIWOTCP0IZ PIOPERT1ES OF STRAINED VISOC- BRIDGED POLYCYCUC COMPOUNDWS. XXI. THE
ELASTIC FLUIDS. IM. BIREFRINGENCE OF POLY- IONIC CHLOWINATION OF 9, 10-DIHYDRO-9, 10-
STYBIENE HOLUMN14S, by R. Toggenburger and S. J. ETHENOANTHRACENE. by S. J. Crlstol, Ft. P.
0ill. [19621 [14;p. incl. diaers. tables, refs. (AFOSR- Arganbright, and D. D. Tanner. [1962] j4jp. Incl. refs.
J662) (AF 49f638)310) AD 415175 Unclassified (AFCSR-J722j (Sponsored jointly by Air Force Office of

Scientific Research under AF AFOSR-62-79 and
Also pablished in Jo-jr. Polymer Scl., Part A, v, i:- National Science Foundation) AD 414100
IfT9.. Unclassified

Birefrtngn•ce relamitntn has been studied in concentrated Also pu'uished tn Your. Org. Chem., v. 2, 1374-1377,

polystyrene solutions. Th,• birefringent state Is induced May-*3-
tlcv a sudden application of strait- and the subse- uent
relaxation effect is observed ln photoelectric monitormg. The ionic chlorination of 9, 10-dihydro-il, 10-etheno-
The effect of temperature concentration on the decay of anthrlicene wras shown to yield exo- and ondo-4-syn-8-
induced birefringrence follows the generd,. patterns 3b- dlchlorodtbenzobi.cycloe3. 2. lJoctadliene as the sole reac-

served for stress rtla2.. non. Samples of different tmo- dion products. The lets stable ef these Isomers wajb
leccular weights and eiffer, it molecular weight dIstribu- the preponderant product. The structure proofs of these
dions have been studied. A particularly simple empirical add:tioz.-rearrangement reaction products and scony of,
result was found to express. the relaxxtion behavior of the.r chemistry are discussed

highly fractionated materials, In such instances the
btrefringence decays with, eiponential depend.nce upon
the square roat of time. The results for samples with 617
broad distributions show curvature when plotted in a
similar fashion. This simple relaxation behavior has Colorad) U. Dep. of Chemistry. Boulder.
a simple LaPlace transform, so that a comparison of
the exact relaxaon distribatlon function with approxi- BRIDGED POLYCYCUC COMPOUNDS. XX. THF
mate methods can be made. The general behavior of CIS-4IEREOCHEMISTRY OF THE ADDI ION OF
birefrIngence relaxation distribution funcltons is etmilar METHANOL AND WATER 'I) ENDO- TRIMETHVLENE-
to tha. noted for stress relaxation functwons. The NORBORNENE, by S J. Cristol. L. K. Gaston, and 0.
method -.f reduced variables likewise is applicable to W. Johnson. [19623 5]j incl d7.agr. (AFOSR-.1723)
bring the birefrinz•ece relaxation results into corre- (Sponsored jointly by Air Force Office c' Scientific Re-
spondence at different temperatures. search under AF AFOSR-62-79 and Navcnal Scie.sce

Foundation) AD 414097 Urclassified

615 Also rublished in Tetrahedron Ltrs 4 N . 185-189,

Colorado U. Dept. of Chemsitry, Boulder.
Sulfurtc acid-calalyzed additions of methinol 'or of

BRIDGED POLYCYCIAC COMPOUNDS. XiX. SOME water 'I methanol' to the isomeric erao- and exo-tri-
ADID[MON AND SOLVOLYSIS REACTIONS IN NOR- methylenenorbornenes give differing ratios of endo-
BORNANE SYSTEMS• by S. J. Cristol, W. L_ Seifert and exo- ring skeleton ethers 'or alcohols). It is now
and others. [1962 in [ cp. nl. diagra. table. (AJOSR- shown that reactions with the isomeric endr,-trimethylene-
4353) (AF ArOSR-62-79) AD 230872 Unclassified norboraenes are entirely cis-exo additions. The ex-

pected products resulting from the endo-protorated
Alai: published in Jotir. Amer. Chenu. Soc., v. 84: complex Feacting directly with a solvent molecule oy the

z 3 9.equivalent of trans ring opening (by addition of CH3 OD
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and D 2 0), as well as nonlnvolven,ent in the reaction Into account diamagnetic shielding of the nucleus ny
sequence are d.scuiised. Attempts to distinguish these orbital. electrons, (u(Ca4 l) z - 1. 5946 am. The al~tw
products are made by gas phase chromatography and obtained is discussed in the light ot the tie-Shalit
nuclear magnetic resonance spectral stu'iies. These re- mechanism.
suits show cltarly that cis-exoi addition of both the H and
Y (0C31t, 0OH. 0Th, OCOC H4NO2 ) portions of the
addenda occurs, and exclude the endo-protonated rT comn- 620
plex as a significant Intermediate In the addition reactton.
It is suggested that at least one of the interrmediates in- Colorado U. jDepi. of Physlcsil Boulder.
v'ulved Is a classical ion. or that a cis addition 4-c.-nter
transition state Is !nvo~ved, in which no carb:onlum Ion ELECRIF4CALLY INDUCED &M *2 NUCLEAR WPN
is dei dupad. TRANSITIONS IN A GaAs SINGLE CRIYSTAL (Abastract),

by E. Be-an, W. L. Pierce, and W. H. Tanttila. ' 19621
[1,1p. (Sponsored Jointly by Air Force Office of ScIen-

618 tific research under jAF 49(638)6111 and National
Science Foundation) Unclassified

Coload)U. eptof hyscs, ouler.Presented at meeting of the Amer. Phys. Soc. ,
NUCLEAR RESONANCE OF Al IN SYNTI!E7IC RUBY, Washington U.. Strattle, Aug. 27-2), 1962.
by W. H. Tanttilla. Fl~af rept June 1962 9p. Incl.

rets (AOSR276) (F 49638611 .A 27420Published In Bull. Amer. Phys. Soc., Series 1I, v. 7:
Unclassffiedt42 9u.2?16.

~ninal studies on the nuclear magnetic resor..nce of Al Drc lcrclm cino M=~2ncerqarpl
!n~rbv are summarized. LiCi contatning Moiontin-. .4pln transitions in a GaUs crystal has been previously
purities was Prepared- Nuclear resonance studies were rcported. A fairly detailed Investigation u~ing p~itsed
performed or the Li at room temperature, liquid V anJ NMR techniques has now been made of these transitions
ho~nd He temperature. Electron paramagnetic resonance fcr the isotopes cia69  71',ad 75in2hg
s.ud.es were performed at room. temperature on the Mn fesisnvity' stngle crystal of GaAs as a Iunctloit of the
ion~s. The Mn appeared to exist in the crystal in 2 phases, relative orientations ol the crystalline symmetry axes.
diulfi and concentrated In the dilcte phase the Sin ton th~e osc~ilating electric Reied, and the static -nagnetic
e~.n.tration In the host LtCi '.as2 0. 2 mol-ýC; In the Iteid. -t is found that a very simple theoretical mo-lel
ueolxenmrted phase the Mn ton concentration was 10`_. assurif1ng a l-:Žarameter 3-rank tensor to dascrib, the
LF with Mn Ion Impurity was also prepared. The micro- inter-iction of the crystal with the applied electr~c field,
wa~e spectrum indicated that up to coacentrations of is capable of explaining the symmetry properties of the

tOno-~ o ntee i ~ edec fte nin oobserved phenomena %ell, and the parameter which de-
for-m 2 phases or to preclpitate separately from the zerminnes :he components of this interaction tensorha
Li F;: there was no measurable diffusion of tons at room been measured.
temperature. Other experiments :ncluded a search for
an electric hsxadecapole moment in Ir. and Sb. 'Con-
tactor's abstract) 621

619 Colorado U. [Dept. of PhysicsJ Boulder.

N'MR AND EPR ST`UDIES IN UACl (Abstract, Ly D. A.Colo-ado U. Dept. of Physics, Boulder. Jennings and W. 1t Tanttila. f1962] [111. jAl, 49i3e)-

NUCLEAR MAGNETIC DIPOLE MOMENT OF Ca4. by"Ucs~sfe
Brun. J. J. Kraushaar and others. '119621 [2]p. Presented at meeting o! the Amer. Phys. Soc , New

:iltOSR-4574) (Sponsored joint'y by Air Force OfficeYokJa.2-,16.
of Scientific Research under AF 49(638)611 and Atomic
Energy Commission) AD 400844 Unclassified Published in Bull. Amer. Phys. Soc.. Series IT. v. 7:

Also poblished in Phys. Rev. Lira- v. 9: 166-167, TF~jin.2T 1962-

Aug.15, 962.Thie linewidtb )f the LI nuclear magnetic resonance in
Thenuler agefi dpoe pi reonnc o C4l was LCI powder daped with Mn- have been measured at

The ~ ~ ~ ~ ~ ~ ~ ~ ~ a M)'ermgntcdpl si eoaneo (, 7 7'. and 4'K. The nominal_- M~n- ion concontra-
ubserved In a saturated aqueo solution of Ca(N0 3 )2 , tirn ranged from 10- 4 to 10l . Assuming a Gaussian
using a Varian crossed-coil, c. w. spectrometer. The shape for the experimental absorption, the experimental
observea ratio of the Ca41 resonance frequency to that second moments are compared with the second momrenits
of the deuteron in the same field was v(Ca 4 l)1'Y(D2) = calculated from Van Vleck's theory. Deviations from
0. 530631 ± 0. 003003, Implying an uncorrected nuclear the predicted deptatlence of the second moment on the
4ipole moment of - 1. 59235 * 0. 00302 nm for Mn4 * concentration are found at low temnperatures and

'41 high concentration. The electron paramagnetic reso-
Ca . using the values of u(Hl)'/u(1_%2 ) = 3. 2S- 1999 *nance line structure of the Mn' 4 Ion shows that the IW*
0.0000012 and u(H1 )= 2.79268 * 0. 00003 nim. Taking
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tons are present in a crystel in 2 widely different con- spn-dependent factor, and G is a number dependent 14±on
cenitrations. The nuclear resonance llnei ldfth willbe lattice parameters and Is the same fcr all nuclear specle±s
eiq-L-aned In terms -it & model that gives a consistent In each crystal. yl Is the Van Krariendonk charge-multi-
tntcrpretation of the Ma" ton linevidthi. plicatlon factor for the 1st-order process. A theory

which would sal isLwI~ut11y describe ionic, covalent, andi
charge-overlap phenomena In these crystals should give

622 this value of . I- 7e ratios of they1, for the nuclear

Colrado U. [Dep. of Physic.%] Bp4dde. constituents in these crystals areGJ),A.5
0. 42 and Y (ill 115 )/y (Sb1 2 1 ) =0. 96. This ratio for the

NI1,tLIA~t SPIN LATT'ICE ARLJAXAT(ON IN LICI gallium isotopes Is, within experimental error, equal to
(Atpitroct), by G. Arnold. D. A. Jennings aixe uthers. one.
(196J] l4 p [,%liF 49(638)6111 Uiiclassified

Pr-4.eated at ni,-etlng -,f the Amer. P- vs. Soc. , New 624
York, Jan. 24-27, 1862.

Colorado 1U. Dept. of Physics. Boulder.
Publishptlin Bull. Amer. Phyz,. Smc. Series II. v. 7: 2+
Wja71n. 24-, 1962. PARAMAGNETIC RESONANCE OF Mn IN LIFby

T. T. Chang and W. H. Tanttila. [1962] 121p'. incl.
The IA nuclear spin lattice relaxation times have tbeen dlagr. (AFOSR-J267) (AF AFOSR-62-345) AD 400886
measured in IACI as a function of temperature and Mn*' Jnclasslfled
ion concentratton. Samplea were prepared by rapidly 2+
quenching melted mixtureg of LICI and MnCI2 . Immedi- The paramagnetic resonance of Mn Ion Impurity tIn
ate examination of the Mn*' .z-wa'ae spectra at x--1 id LIF at room temperature was studied. T'he'low-tempera-
frequencies provide a check on, the relative concentration ture nuclear spin resonance in the LA and F In these
of Mn 4* going into the mixture anti gives a qual. ative crystals was also stud. A. Some of the data can only be
indication of their distribution witbin the LV":l lattice, explained on the basis of a certain amount of antiferro-
Pulsed nuclear induction tectiniques were ufnva to meas- magnetism which Insreases as the concentration of
uke the relaxation at 4 *, 77 ', and 300'Y in samples zon- Mn 2 + is Increased.
tataing up to 10% Mn 4 ' concentration. The nuclear spin
lattice relaxation is sensitive to the disperslon of im-
purities withtu the- lattice. Diffusion of the Mn'4 occurs 625
with sample aging and causes large cnanges In the Li spin.
lattice reLaxation Vtlze. In addition to studyinrg t-he '!uclear Colorado U. Dept- of Physics, Boulder.
spin lattice relazatiL'n process, the measurements also
provide insight into Lhe various phases of the UACI-?dnCl 2  ELECTIUCALLY INDUCED NUCLEAR QUADRUP'2LE
System. SPIN TRAM~T[O1S IN A GaAs SINGLE CRYSTAL, by

E. Brun, R. J. Mahler and others. [1962] [61p. Inc.

62IN diagra. refs.(AOR-J593) (Sponsored jinlybyAir
Force Office of Scientific Research under AF AFOIZ)fl

Unclassified

SOME INIEREALCCMPOUND8 (Abstract), by A. Also published in Phys. Rev., v. 129: 1965-1970,
B. De-ison and 11 P. Mahion, Jr. 119621 (11p. [AF 49- a.1 93
(638)6111 Unclassified The direct induction of nuclear E2 spln transitions in a

Presented at meeting cei the Amer. Phys. Soc., gallium arsenide single crystal by application of an ex-
Washington U., Seattle, Atig. 27-29t 1962. ternal oscillatory electric field has been previously re-

ported by some of the authoret. This paper gives the
Published In Bull. Amer. Phys. Soc., Series II, v- 7- results of a further i.vestigation of the same phenomenon.
417917Wug. 27. 1962. 7teoretical expressions are given for the equilibrium

nuclear magnetization In a crystalline lattice under the
Phonon ntcl tallor. of Jim *2 nuclear spin transitions combined influence of a static magnetic field, externally
is studied In crystals of CaLU an4 Ingo. Phonons are induced electric field gradients, and thermal spin-lattices
Introduced by a 15 inc/sec tranndu'±er. Using pilsed 'niteractions, for various relative orientations of the
nuclear-inductionr l*clhniqtet; at 7. 5 mc/sec, the line applied fields and the crystalline symmetry axes. The

width fly Is obtained at constant transducer voltage V theoretical predictions were tested for the 3 nuclides

uirsncsatu.irtion- Tilte method overcomes resonance techniques to sample the equilibrium mag-

of unfor, xternally applied, radio- frequency, elec-
Intensity) t Interpreted using a potint-charge lattice tric field. A description of the experimental apparatus
model. The phonnn-induced transition probability is Is given. The dependence of the quadrupolar saturation

FQW is t2e q2duoemoet on both the electric field amplitude and the crystal
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orientation was measured. The angular depe'ndence of 629
the saturation was found to be i, reasonable agreement
with the theory. (Contractor's abstract) Columbia U., New York.

COMPUTER TECHNIQUE FOR HIGH-SPEED EXTRAC-
626 TION OF SPEECH PARAMETERS, by M. IL Weiss and

C. M. Harris. [1962] [8]p. Incl. illus. diagra. table.
Colorado U. Dept. of Physics, Boulder. [AFAFOSR-62-251) Unclassified

CROSSING SYMMETRY IN S-MATIUX THEORY, by Presented in part at Spe'.ch Communication Seminar,
A. 0. Barut. [1962] (41p. (AFOSR-JI260) (AF AFOSR- Stockholm (Sweden), Aug. 1962.
63-30) AD 424313 Unclassified

Published in Jour. Acouet. Soc. Am.er., v. 35: 207-214,
published in Phys. Rev., v. 130: 436-439, Apr. 1, WEbMy.

1963
An automatic system it described for high-speed extrac-

A general method is given to calculate the cross:ng lion of speech parameters. Data obtained from a high-
relations for arbitrary processes which is based on the resolution; real-time spectrum analyzer of the correla-
transformation properties of the amplitudes and analytic tion type are converted to digital format and processed
continuation only. The helictty amplitudes as well as the by a large-scale computer. An effective program has
so called R and M amplitudes are considered ane some been written in FORTRAN and FAP languages for the
simple examples are worked out. extraction of spectrum power, amplitudes amd frequencies

of the first 3 formants and other functions of these pa-
rameters. Typical output data are presented. (Contrac-

627 tor's abstract)

Colorado U. Dept. of Physics, Boulder.

AMPUTUDES AND CIROSING RELATIONS IN ISOSPIN,
by A. 0. "Barat and B. C. Unal. [1962] [6kp. (AFOSR- Columbia U., New York.
J1438) (AFAFOSR-63-30) AD 427712 Unclassified

PITC!- EXTRACTION BY COMPUTER PROCESSING
Also published in Nuovo Ctmento, Series X, v. 28: 112- OF HIGH- RESOLUTION FOURIER ANALYSIS DATA, by
"-7, Apr. 1, 1963. C. M. Harris and M IL Weiss. '1962] [15p. incLillus. diagra. [AF AFOS0R-6Z-251] Unclassified

A systematic group-tLeoretical method is used to deter-

mine the isotopic spin amplitudes and crossing relations Published in Jour. Acoust Soc. Amer., v. 35: 339-343,
for processes involving particles with arbitrary isGotpic Mar-.-li7
spins. For 2-body reactl'ns, the scalar amplitudes and
the crossing matrices are explicitly giver, up to I = 3/2. A method of automatic pitch extraction Is described,
(Contractor's abstract) and examples are shown of results ob.alned. The speech

sirt"ls are p-ocesaed by a real-time Fourier analyzer
whose output is converted to digital form and recorded

628 on tape for processing by an IBM 7090 computer. The
logic of the computer program, written In FORTRAN

Colorado U. Dept. of Physics, Boulder. !-ngu.ge, is described together with a discussion of the
accuracy of the over-all pitch-extraction system.

CN THE SYMMETRY OF ELEMENTARY PARTICLES- (Contractor's abstract)
II, by A. 0. Barut. [1962] 13kp. inrL diagrs. (AFOSR-
J1439) (AF AFOSR-63-30) AD 427717 Unclassified

631
Ao eubltshedin Nuovo Ctmento, Series X. v. 27:

19271, 1, 1963. Columbia U. Columbia Radiatit, Lab., New York.

The elementary particles can be arranged in a hexagon.al INFRARED AND OPTICAL MASERS, by P. Kusch.
structure such that there are planes of constant charge, Final rept. OcL 16- 1958-Nov. 30, 1961. 6ar 6, 1962,
of constant baryon number, and of constant hypercharge. 10p. (AFOSR-2412) (AF 49(638)507) Unclassified
The resonant states o, ,A NW, Y1 and Y0 are similarly
arranged In this paper and room is found to exist for 6 The research performed during the tenure of this con-
intermediate bosons and for particle analogous to the tract is discussed. -T1e work has been for the most
photon, but none for the r-particle. part concerned with the construr"3n and operation of

an alkall-vapor optical maser an a ruby optical maser.
Pesults of the research, Including a list of the publica-
tions emanating from this work are presented.
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632 634

Columbia U. Columbia Radiation Lab., New York. Columbia U. Columbi'. Radiation Lab., New York,

OPTICAL DOUBLE-PHOTON ABSORPTION IN MICROWAVE SPECTRUM, SPECTROSCOPIC
CESIUM VAPOR (Abstract), by 1. D. Abella and C. H. CONSTANTS, AND ELECTRIC DIPOLE MOMENT OF
Townes. [19621 11p. [AF 49(638)507] Unclassified L16 F19 , by L. Wharton, W. Klemperer and others.

[1962] [8]p. incl. diagrs. tables, refs. (A)IOSR-J434)
Presented at meeting of the Amer. Phys. Sec., (In cooperation with Harvard U., Cambridge, Mans.
Cleveland, Ohio, Nov. 23-24, 1962. and Martin Co., Orlando, Fla.) (Sponsored Jointly by

Air Force Office of Scientific Research under [AF 49-Published in Bull. Amer. Phys.Soc., Series 11, v 7: (638)557] and Atomic Energy Commission) AD 407113"M, -Nov. 23, 1962. Unclassified

Observations have been made, using a pulsed ruby optical Alio published in Jour. Chem. Phvs., v 1,8: 1203-1210,
maser, of the 681,2-9D3/2 double-quantum absorption mar.- -

in cesium vapor (_V = 28 828 cm- 1 ) and the subsequent
reemission via the 9D 3 ,2 -6P 3 ' 2 transition at 5847A. Transizi,:ns between the J= 1 and J = 0 rotziional states
The narow absorption width of the 9 state requires of Li6 F : have been measured by means of the molecu-

9D3 , 2  lar-beam electric resonance method In th,, 4 lowest
careful thermal tuning of the ruby source to obtain vibrational states. By this means the rotational constants
coincidence, which occurs at X)ruby) = 6935.6 * 0.05A " Lt6FJ9 were determined. These enabled one to
as measured on grating spectrograph plates. The ob- p-operly assijn the rotationally resolved infrared vibra-
served fluorescence is, however, 2 orders of magnitude 7 19
below the calculatel value, but quenching Cs-Cs collisions tion- rotation spectrum of Li F observed by Vidale and
can be expected to reduce the yield in the 9D31 2 decay. to determine the correct vi`)rational constants. Transi-tions between the M = 0 and iMM = 1 orientations of the

J = I rotational state of LitF19 in the 4 lowest vibrational
633 states in a strong electric field were measured to high

precision, which enabled one to determine the dipole
Columbia U. Columbia Radiation Lab., New York. moments accurately and to observe a nonlinear variation

of dipole mcpment with vibrational state. -.'he molecular
HYPERFINE STRUCTURE OF THE METASTABLE constants obtained for Li 6F 19 were:

(4p) 5(Ss) 3P 2 STATE OF 3 6Kr 13, by W. L. Faust and L.
Y. Chow Chlu. [19621 [71p. Incl. diagrs. tables, refs. B, = 45.2308111-0.7223089(v 0.005827041 2ý

(AFOSR-J432) (Sponsored jointly by - r Foe ce Office e" 0.0000050 Gc, X = 964.07-8.895(v - ;) :m-1,
Scientific Research under [AF 49(638)557], and Air Force V
Office of Scientific Research, Office of Nav-l Researrh. r =1.563892 =0.000050A,
and Signal Corps under 1DA 36-039-sc-763.40j) e
AD 407901 Unclassified 6.28446 - 0.08612(v , ; + 0.00060, - ;)2"

Aso published In Pl.ys. Rev., v. 129: 1214-1220. 0.00100 D.Feb. 1, 1963.

The hyperfine struct-re (hfs) of the metastable 635

(4p) (5s) P2 state of 3 6 Kr 8 3 (I = 9 °; ias been measured
Columbia U. [Columbia Radiation Lab.] New York.

by the atomic beam magnetic resonA- -e method. The
zero magnetic field inte,'vals are: f(1 1 2 13,2) LEVEL CROSSING IN THE (5s5p) P1 STATE OF 6.7
1830.7236(5) me-see, f(9:2 ý 11/2) = 1341.8217(2) mclsec cd1 0 7

f(7V2 - 9, 2) = 956.5583(2) mc/sec, and f(5/2 --7'2) =HOUR (Abstract), by M. N. McDermott and P.
656.0844(30) mc/sec. The 4 frequencies kafter correction Thaddeus. [1962] (1;V. (AFOSR-3271) [AF 49(638)936]
for second-order hyperfine interaction) are expected to be Unclassified
linearly related to only 3 interaction constants: A', B',
and C' (respectivelv dipole. quadrupole, and octupole). Presented at meeting of the Amer. Phys. Soc.,
The fit is satisfactory if, and only if, second-order hyper- Washington U., Seattle, Aug. 27-29. 1962.
fine interaction is taksn into account. The quadr•pole Also published In Bull. Amer. Phys. Soc. Series 11,
and octupole inoments of 3 6 Kr8 3 are fl 0.. 1l(6)nm b .-•"431 Aug. 27, 1962.
(nuclear magneton barn) and Q = s 0. 270(13) b. These
values include no polarization corrections or corrections Two crossings of the Zeeman levels cf the hyperfine
for any effects of configuration mixing. (Contractor's 3  10 7

abstract) structure of the (Ss~p) PI state of C.1 (I = 5/2) hav2
been detected by observing the change in intensity with
magnetic field of the resonance fluorescence of the
7161A tntercombination line. The Isotope was produced
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by the reaction A41 0 7 (p, n) Cd 10 7 in the Pup.n cyclotron. Presented at meeting of the Amer. Phys. S-c., New
The strongest crossing, that of the IF, m. > = !7/2, York, Jan. 24-27, 1962.
7 2 > and 15/2, 3/2 > levels, was observed at !218.80(5) lished i Bull. Ame. Phys. Soc., Seriee U, v. 7:
gauss, and the crossing of the 15/2, 3/2 > and 15/2,
-1,2 - levels at 1036.3(2) gauss. A sample containing
more atoms of the isotope may produce an increase in The optical double resonance method has been used to
signal strength of 10 or more, allowing detection of the study theitemperature dependence of the width of Zee-as
2 additional 6 mF = 2 crossings already observed for s e t

Cd 0 Using nese crossing fields, and the value of resonance in the (5s5p) P1 state of cadmium. For
gj relatively low temperatures (100°-150°C) the half-width,obtained from a level crossing experiment on the stable extrapolated to zero rf-field, is found to be 138 * 2kc.

Cd isotopes, we calculate, neglecting second order As the temperature is increased beyond this region, the
interactions due to neighboring fine structure levels, the line narrows until a mini-num half-width of about 100 kc
hyperfine coupling constants to be: A = -8-.3.59(2) mc/sec, is found near 240°C. Beywtd this temperature the
and B - -163.8(2) mcisec, in agreement with the results width increases and grows very rap.dly above 300*C.
of a double resonance experiment. The initial constant value is Interpreted to be the natural

half-width of the line, apart from the effect of collisions
with the walls. When a correction is made for the effect

636 of wall collisions, the natural half-width is found to be
131 * 3 kc, which gives a radiative lifetime of (2.43 *

Columbia U. [Columbia Radiation Lab. ] New York. 0.03) x 10-6 sec. The line narrowing Is We1.eved io be
the result of coherence-narrowing. The broadening atDETEC'iON OF LEVEL CROSSINGS IN BACK- higher temperatures is proportional to P/v/ATad yield.

SCATTERING (Abstract), by R. J. Goshen, A. Landman, 2and R. Novick. 11962] [lip. (AFOSR-3272) fAF 49- an apparent collision cross-section of 4 x 10-14 cm(638)936[ Unclassified difficulties in determinfng vapor pressure make this
number uncertain by a factor of about 2. This rather

Presented at meeting of the Amer. Phys. Soc., large cross-section may be interpreted as the result of
Washington U., Seattle, Aug. 27-29, 1962. a dipole-dipole collision interaction (Holtzmark-broadening).

Alsoyublished In Bull. Amer. Phys. Soc., Series II,- 4"Y, •', "g*•-27, 1962. 638

Multiple scattering limits the raaximum vawr density Columbia U. [Columbiz Radlation Lab. ] New York.
in the normal level crossing and double resonance expert-
ments. The signal strength decreases perciptiously as LEVEL CROSSINGS IN THE (5sSp) 3PI STATE OF
the optical density of the vapor is increased beyond that RADIOACTWE Cd1 0 9 (Abstract), by P. Thaddeus and
corresponding to about one absorption depth ia the cell. M. N. McDermott. 11962] [l]p. [AF 49(638)936]
This limitation can be overcome by observing the fluo- Unclassified
rescence in the backward direction. At high density and
in the absence of collisions, substantially all of the Presented at meeting of the Amer. Phys. Soc., New
incident light is backscattered, and one would expect York, jan. 24-27, 1962.
that the signals would be independent of temperature. The
observation of level crossing and double resonance at Published in Bull. Amer. Phys. Soc., Series Cl, v. 7:high density would allow the study of self-broadening and -Z,-Ja__'-T 1962.
the study of isotopically dilute radioactive species Wehave observed level crossing signals In the (Ss5p)fP1I Four crossings of t.he Zeeman levels of the hyperflne

state of cadmium with backscattering and Cd pressures structure of the (5s5p) 3P state of Cd109 (1 - 5/2) have

up to 2 x 16-2 mm Hg. This pressure Is 200 times been detected by observing the change in intensity of the
greater than that at which level crossings are observable renance f s o f the cha Intensityof
with either forward or 90' scattering. The observed ltne. This Isotope has a half life of 470 6 A ys and was
signal strength is substanttily independent of pressure line. by the rea lf life of 470 d n W a

5 2 ~~~~~~produced by the recio g P Cd1 0 9 l h ow*from 10-5 mm Hg (the lowest investigated) to2 x 10-2 cyclotron. The magnetic field at which crossing occursmm Hg. At the higher pressures we have observed self- in units of the NUR frequency ol protons in mineral oil,

broadening, together with the low field assignments of the crossing
levels are: I F, mF > I 712, 7/2> and 15/2, 3/2 > at637 6986.995(6)kc/see, 15/2, 3/2,> and '5/2, -1/2 > at
6177.49(6)kc/!sec, 1 5/2,1/2 > and 1-5/2, -3/2 -,at

Columbia U. [Columbia Radiation Lab.] New York. 5593. 84(16)kc/sec, and '5/2, -1/2 > and '5/2, -5/2 >
at 5007.73(24)kc/sec. These crossing fields are con-

COHERENCE-NARROWING, PRESSURE- BROADENING sistent with the hyperfine intervals of the (5s5p) "PI
AND WALL COLLISION-BROADENING OF THE (5s5p)3 P1  state as determined by a double resonance expariment,
STATE OF CADMIUM (Abstract). by F. Byron, M. N. and should permit a more precise determination of the
McDermott, and R. Novick. 11962) [lp. [AF 49(638)- hyperftne constants.
936] Unclassified
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Columbia U. [Columbia !adialtion Lab.]j New York. Columbta U. [Columbia Radiatlo , Lab.]I New York.

NUCLEAR MOMENTS OF Cd10 7 (Abstract), byM. N. NUCLEAR SPIN AND MOMENTh OF Cd1 Sm (Abstract),
McDermott, F. Byron, and R. Novick. 11962] [l1p. by B. Perry, M. N. McDermott, and R. Novick. f 1962]
(AF 49(638)936) Un,.lassifted [l1p. [AF 49(638)9361 Unclassified

Presented it meeting of the Amer. Phys. Soc., New Presented at meeting of the Amer. Phys. Soc.,
York, Jan. 24-27, 1962. Cleveland, Ohio, Nov. 23-24, 1962.

Published in Bull. Amer. Phys. Soc., Series Ul v. 7. Published In Bull. Amer. Phys. Soc., Series U1, v. 7:
-0-, ja n 1T, 19 62. 333_FN~o~v.. 1962.

Earlier work (item no. 559, Vol. V) on the radioisotope, The nucliar spin and hyperfine structure constants of
Cd0'has been extended to include a determination of 43 day Cd 11Mhave been determined by the optical

Mhe hyperfine structure in the 5pIstate. An optical double- resonance technique in the (Ss~p)3 P I state. The

double resonance method was used as before. However, nuclear spin 1, magneticz dipole constant A, and electric
considerable improvemnent in experimental technique has juadrupole coupling constant B, are I = 11/2, A=
-ade it possible t. observe Zeeman resonances in both (- )648(6) inc/sec, and B = (+).49(12) mc/sec. The
!be F =7/2 and F =3/2 hyperfine structure levels with sign of A/B has been determinee to be negative in the
a good stgnal-to-noitse ratio. The hyperfine interv-als present experiment, but the separate signs of A and B
derived from Zeemnan transitions observed at 2 different have not yet been directly determined. Assuming an
frequencies are F =7/2 4.4 F =5/2, v ý 3164(9) inc/jsec hl1 /1 2 odd-neutron assignment, a negative~u io expected.
and F - 5/2 e-4 F -- 3/2, v' = 1894(g) Inc/sec. The With this assumption and the known sign of the ratio
hyperfine Interaction constants derived from these inter- A/,B, a negative Q is found. Neglecting nuclear structure
vats are A 4 -55(2) inc/sec and B = -163(5) inc/sec. and quadrupole antishielding corrections, the nuclear
The negative sign for A was determined by a subsidiary moments are u = 1. 028(10)nin, Q=-0. 68(5)b- The
exp-ýriment. From the hyperfine constants, values for C15
the nucleair dipole momentu = -0. 6 17 (2 )'uN and nuclear dlinwas produced by a (n, -Y) reaction on separated
quadrurole iroinrnt Q = 0. 78(0) barns are obtained. In Cd 1 1 4 ý After irradiation, the Cd15 sseatd
addit'o-. the new mreasuremnents have further confirmed from the Cd1 1 4 tn the electromagnetic mass separator
the nuc.car spii. assignment of I 5/2. at the Argonne National Laboratories. Approximately

1. 5 x l0ll atoms were used In the experiment.
640

Columbia U. [Columbia Radiation Lab.)I New York. 642

NUCLEAR SPIN AND M4OMEN73 OF 245 DAY Zn635 Columbia U. [Columbia Radiation Lab.]j New York.

(Abstract), by M N. McDermott, B. Perry, and ft.
(Abstract), by A. Landman and M N. McDermott.

Presented at meeting of the Amer. Phya. Soc., [19621 [ljp. [AF 49(638)9361 Unclassified[ Cleveland, Ohio, Nov. 23-24, 1962.
Presented at meeting of the Amer. Phys. Soc.,

Published in Bull. Amer. Phys. Soc., Series U[, v. 7- Cleveland, Ohio, Nov. 23-24, 1962.I ~ 33,Nov. 23, 1962.
Published In Bull. Amer. Phys. Soc., Series U1, r. 7:

The nuclear spin and hyperfine interactions constants of W,37Nov. D. 1962.
245 day Zoi have been dcterinined by the optical double- Th osigofteF=72mz-/2adF=5',,
resonance technique in the (4s4p)3 P, atomic state. The in z -3/2 levels of the (4s4p) 3 , 1 state of Zn 6 5 (1I /:
nuclear spin 1, magneic dipole constant A, and electric nsbedtcedyosrvgthcageiteagur
quadrupole coupling constant B. are!I - 5,"2, A = hsbe eetdb bevn h hnei h nua

535.08(121 inc/sec, and B 3.3(.5) inc/sec. The signs distribution of resonance fluorescence In the Zn 3076
ofAaiBhave beenk determined with c-ircularly polarized intercombination line. The crossing field was found to be

light. Neglecting nuclear structure and quadrupole ani 6.2: 0 2G nte crossing, believed Lo be that
sh-ItldIng corrections, the corresponding nuclear moments of the F =5/2, in 1/2 and F = 5/2, mn = -3/2 levels,

n65  was observed at 756.7 G. These results, together with
are a = 0. 76944(l'i)nm and Q =-0. 027(4)b. The Zn ws tevalue frg J of 1. 50096 obtained previously Inthe
produced by a (p, n) reaction on 99. 991 pure copper. case of 7,67, lead to the following values for the byper-
Approximately 2 x 10 15 atoms were used in the expert- fine interaction constants: A = 535. 08 *0. 02 mac/sec

ment. The Zn magnetic moment is 12 mle hnthe double- resonance measurements of McDermott et al.
OatofZn ( =51-2). The Zn6 quadrupole moment ha (!Se Item no. 640, Vol. VI).

the opposite sign and is a I.actor of?7 larger than that of
Zn

6 b
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643 Presented at meeting of the Amer. Phys. Soc., N
York, Jan. 24-27, 1962.

Columbia U. Columbia Radiation Lab., New York.
Published in Bull. Amer. Phys. Soc., Series II, v. 7:

PRDPERT[ES OF ATOMIC IONS. Final rept. Dec. 1, ",fi~n.-l 1962.
1960-Nov. 30, 1962, 31p. Incl. dlagr. table. (AFOSR-
4747) (AF 49(638)996) AD 409441 Unclassified A 10-im long slow (10 ev) netastable helium ion beam

apparatus is being constructed for the determination of
Studies on the properties of atomic ions were divided the radiative lifetime of the 2S state of hydrogenic atoms.
Into 4 categories: (1) the lifetime of the metastable Ultra-high vacuum techniques and differential pumping
helium ion, (2) level crossing spectroscopy, (3) atomic are being employed to reduce the loss of metastable
lifetimes, and (4) a study of the metastable lithium tons by either Stark quenching or collision quenching.
atom. The status of each of these areas of research Is The Ions are produced in an electrostatically focussed
presented In detail. (Contractor's abstract) electron bombardment ion source. Ions that drift ou; of

a 4-rmm gridded hole In the source are accelerated by
a converging spherical condenser and pass through a

644 1 cm long, 2.3 mm diam channel. This narrow channel
provides &'pressure reduction ratio of 35:1 between the

Columbia U. [Columbia Radiation Lab. ] New York. source chamber anl a vacuum separating chamber. Total

ion current ,-. x 10-8 amp at 10-ev beam energy have
HIs OF THE IPI STATE OF Cd11 1 (Abstract), by R. been obtaine.. l'e energy spread in the beam is less

Novick and A. Lurio. [1962] [l1p. [AF 49(638)996j than I ev and about 1% of the tons are in the metastable

Unclassified state.

Presented at meeting of the Amer. Phys. Soc., 646
Washington, D. C., Apr. 23-26, 1962.

Published in Bull. Amer. Phys. Soc., Series II, v. 7: Columbia U. [Columbia Radiation L.b. I New York.
258-259, ,Apr. 23, 1962. LIFETIME OF THE 5s5p P STATE OF Cd AND

The magnetic field at which the F = mF - and the COHERENCE NARtOWTNG OF THE 228A (1 s0- 1 PI)

F =m = - Zeeman levels (A assumed negative) in LEVEL CROSSING RESONANCE SIGNAL (Abstract), by
2 R. Novick, P. Horwitz and others. (19621 [ljp.

the IP state of Cd1 1 1 become degenerate has been [AF 49(638)996] Unclassified

determined by the level-crossing technique. A qP ti f mS
III Presented at meeting of the Amer. Phys. Soc.,

cell containing 92% Cd 1 1 was Irradiated with the 2298-A Washington, D. C., Apr. 23-26, 1962.
(I S0 - 1 PI) resonance line, and the scattered radiation

was observed at 90' to the incoming radiation. The Published in Amer. 2hys. Soc., Series II, v. 7: 258,

ea*• cti--iighi intensity •us recorded as a funrtion of Xpr._7l162.

magnetic field at the cell. The field was perpendicular
to the plane formed by the incident and outgoing photons. The zero magnetic-field level cross1ng (Hanle effect)

Intensity changes corresponding to level crossings at In the 5s5plPI state of Cd114 hzs been used to determine
zero field and at a field of 122 * 12 gauss were observed. the lifetime of the Cd 1I atomic state A qrtz cell
The 12-gauss uncertainty includes allowance for the I s
possible shift resulting from the fact that Lie 122-gauss containing 98.2% Cd1 1 4 was Irradiated with 2288-A
crossing is superimposed on the wings of the zero-field resonance radiation. The intensity of the fluorescence
crossing. An exact calculation of the combined zero emitted at 90o was observed as a function of the cell
field and the 122-gauss field-crossing effects is In temperature and magnetic field. A Lorentzlan level-
progress. From the values of the magnetic field at the crossing signal was observed at zero field; no other

1pn crossings were detected as the field was swept from
crossin• the dipole-coupling constant of the P1 state .150 to -150 gauss. The field width of the crossing sig-
of Cd11 1 Is found to be IA' - gju0 H ý 171 mc. Tlhe nal decreased as the cell temprsture was Increased.
theory of the hfs of the 5s5p configuration combined lifetime of the 1P1

udth nther experimental results yields a predicted vilue I
of A(IPi) of120.0G8 x 10-9 sec by extrapolating the width of the crobsing

A( of-122 mnc. signal to zero cadmium density. This value is signifi-

cantly lower than earlier values.

645
647

Columbia U. [Columbia Radiation Lab. ] New York.
Columbia U. [Columbia Radiation L-b. ] New York.

AN INTENSE SOURCE Or MOOENERGETIC META-

STABLE HELIUM TONS (Abstract), by M. Lipeles, L. UFETIME OF THE METASTABLE HELIUM ION (Ab-
Gampel, and R. Novick. [1962] [l1p. [AF 49(638)996] strict), by E. Commins, L. Gampel and others. [19621

Unclassified [1Ip. [AF 49(638)996] Unclassified
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Presented at meeting of the Amer. Phys. Soc., An experiment is described In which light of frequency
Washington, D. C., Apr. 23-26, 1962. 14400 cm 1I from a ruby maser was made to excite the

Published In Bull. Amer. Phys. Soc., Series I[, v. 7, as1/1-9D3/2 transition in Cs, whose frequency is
Z, Apt" b, 1962. 2a829 cm-I. Careful discussion of other possible

The apparatus described previously has been us t effects shows that the mechanism is likely to be a 2-
make a preliminary determination of the lifetime of the photon abiorption by a Cs atom.
JS state of the helium ton. The metastable component
of the beam is modulated by allowing the ions to pass 650
through a microwave-quenching field that is turned on
and off at 260 cps. The metastable and ground-state tons Columbia U. Columbi:a Radiation Lab., New York.
are detected on a surface detector that can be moved
over the full length of the apparatus. The ground-state OPTICAL HARMONIC FREQUENCY RADIO MEASURE-
tons give rise to a steudy detector current, while the MEN'IT, by!. D. Abella. [:'-Q] [2]p. (AFOSR-J87)
metastebles produce a 280-cps signal through the surface [AF AFOSR- i-49] AD 400455 Unclassified
Auger effect. The ac metastable signal it normalized
against the dc ground-state signal to eliminate nany of Alao published I.L --. inst. fttIc k-,tneers, r'. 50:
the systematic errors that might otherw.se occur. The T I-,u. 19C2.
normalized metastable signal decreases by about 20%
during the 400-usec transit time in the apparatus. This Harmonics of the output of a ruby lasez- ;.-re generated
is consistent with the 1. 9-msec radiative lifetime pre- by focusing the output on a KDP crystal at 45- to the
dicted for tb d 25 state of He+. X-Y axis and normal to the Z axis, wi'th the object of

checking reports of discrepancy in the expected 2:1 ratio
between harmonic and fundamental frequency. Near the

648 threshold, the expected 2:1 ratio was observed, but at
,iigher intensities, the harmonic line was displaced

Columbia U. [Columbia Radiation Lab. ] New York. towards the blue by as much as 10 ppm. This result is
consistent with the hypothesis of thermal tuning in the

OPTICAL DETECTION OF LEVEL CBMSSIN(S IN Zn 67  maser.
(Abstract), by A. Landman, P. Thaddeua, and R.
Novick. [1962] [11p. [AF 49(638)996] Unclassified

651
Presented at meeting of the Amer. Phys. Soc., New
York, Jan. 24-27, 1962. Columbia U. Columbla Radiation Lab., New York.

Published In Bull. Amer. Phys. Soc., Series U, v. 7: LINEAR POLAlUZATION OF THE 3200- MC/SEC
26, Jan. 24, 1962. RADIATION FROM SATURN, by W. K. Rose, J. M.

Bologna, and R. M. Sloanaker. [1962] [3]p. incl. refs.
The erossing of the F = 7/2, m = -7/2 and F = 5/2, m = (Sponsored Jointly by Air Force Office of Scientific Re-
-3/2 levels of the (4s41)3 P state of Zn 67 (I = 5/2) has search ur€der [AF AFOSR-62-49), Office of Naval Re-serh1n iga op)Unclassilied
been detected by observing the change in the angular dis- search, and Signal Corps)

tributton of resonance fluorescence in the Zn 3076 inter- Published in Phys. Rev. Ltrs., v. 10: 123-125,
combination line. The crossing field was found to lie F-".-157,Tf63.
near 870 gauss. This result ts consistent with the double
resonance measurements of B~ckmanr, et al. The cross- Data obtained by means of drift curves, using a solid-
Ing was observed in natural zinc (4% Zn 67 ) with narrow- state maser amplifier at the focus of the 84 ft W. P. L.
band phase sensitive detection. More precise measure- (U.S.A.) radiotelescope, yield a 20 ± 8% linear polariza-

ments are in progress with enriched Zn67 and an analysis tion of the 3200 mc/sec- radiation from Saturn, the
ts being made of the second-order fine structure correc- position angle for maximum intensity being nearly per-tions to the theoretical position of the crossing. pendicular to the planets equatorial plane.

652649

Columbia U. Columbia Radiation Lab., New York.Columbia U. [Columbia Radiation Lab. ] New York.

IZRSPECTRA OF THE OH, 71'3+ IONS AND COLOR
OPTICAL DOUBLE-PHOTON ABSJRPTWON IN CESIUM CENTERS IN RUT1LE AS REVEALED BY A HIGH
VAPOR, by I. D. Abella. [1962] [3Ip. incl. illus. refs. SENStI 'I ITY DIELECTIUC RESONANCE SPECTIIOME-
(APOSR-J86) (Sponsored ointly by Air Force Office of TER, by A. Okaya. [1962; [21p. (AIOSR-64-2331)
Scientific Research under AF AFOSR-62-49, Office of (Sponsored Jointly by Air Force Office of Scientific Re-
Nzval Research, and Signal Corps) AD 400456 search, Office of Naval Research, and Signal Corps

Unclassified under IDA 36-039-sc-73279D Unclassified
F

F• Iob n Phys. Rev. Ltrs., v. 9: 453-455, Presented at meeting o! the Amer. Phys. Soc.,
Stanford U., Calif., Dec. 27-29, 1962.
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Abstrat published in Bull. Amer. Phys. Soc., Series Presented at meeting of the Amer. Phys. Soc.,
II, v. 7: 613, Dec. 27, 1962. (Title varies) Washington U., Seattle, Aug. 27-29, 1962

AIo published in Paramiagnetic Resonance; Proc. of the Also published in Bull. Amer. Phys. Soc., Series 11,
First Internat'-. Conf., Jerusalem (Israel) (July 16-20, V. 7:1, Aug. 27, 1962.
1962), New York, Academic Press, v. 2: 687-688, 1963.

For abstract see item no. 635, Vol. V
The isotropic g - 2 spectrum on slightly reduced single-

crystal rutile consisted of strong '13-, medium OH,
and 2 other weak-color center lines. The hydrogen- 655
reduced and deuterium- reduced samples showed an OH

line at 3280 cm-
1 and an OD line at 2450 cm , respec-

tively. The fine structures in both T73+ and OH lines UFET!MES OF THE 1 P STATES OF Ca, Sr AND Zn
show that these are frequently coupled as a pair tso- (Abstract), by R. DeZafra, R. J. C.sten and others.
tropically. The coupling is due to the exchange interac- [1962] [1kp. (AIV6R-5468) (Sponsored jointly by [Air
tion JSI.S 2 between electron spins; J was estimated t. -,a Force Office of Scientific Research, Office of Naval Re-
about 3.5 x 10-4 cm-1 . I- S2 coupling was observed in search, and Signal Corps under DA 36-039-se-78330DUnclassified
the OH spectrum as an anisotropic hyperflne structure.
Another 2 weak isotrople lines of g - 1. 96 and g 1 1. 88 Presented at meeting of the Amer. Phys. Soc.,
(at O = 0, r = 0) are suspected to be due to the color Washington U.. Seattle, Aug. 27-29, 1962.
centers at oxygen vrLancies. Very weak isotropic lines
were observed at exactly half the magnetic field of Also published in Bull. Amer. Phys. Soc., Series U,
g 2 line. The line structure was much simpltr than v.- 7:.433, . -27, 19§2.
g - 2 lines, and no fine structure was observed. The
lines were Interpre:ed as due to .MS = 2, " 1 F = The lifetimes of the IPI states of Zn, Sr, and Ca were
(where F = I - S) transitions, and 3 single lines in the determined by observing zero field level crossings
reduced sample were interpreted as OH-OH and "I 3÷- (Hanle effect). The Zn was studied in a quartz cell,

3+ 3+ the Sr in an atomic beam, and the Ca in a beam and also
0-Ti3 and Ti -0-H pairs. The line shape of several in a single crystal magnesium oxide cell. Flow lamps
spectra did not satisfy the Kramer-Kronig relations even were used as the source of resonance radiation. Phase
if the lines were nrt saturated, sensitive detection was employed for the cell observa-

tions and direct photo-electric recording for the beam
studies. Coherence narrowing *as observed in all

653 cases. Level crossing curves of Lorentzlan shape and
good signal-to-noise ratio were observed for each ele-

Columbia U. [Columbia Radiation Lab. ] New York. ment. Te letimes of the (4s4p) P1 state of Ca and Zn

DETECTION OF LEVEL CRO)SSINGS IN BACESCATTER- are (4.8 * 0.5) x 10-9 see and (1.36 * 0. 10) x 10-9 see,
ING (Abstract), by R. J. Goshen, A. Landman, and R. respectively. The lifetime of the (5 s5p)I P state of Sr
Novick. [1962] illp. (AFOSR-5466) [Sponsored jointly I
by Air Force Office of Scientific Research, Office of is (6.1 * 0.6) x 10-9 sec. All of these lifetimes are
Naval Research, and Signal Corps under DA 36-039-sc- appreciably shorter than those obtained in earlier work.
78330] Unclassified However, the Ca and Sr values are in good agreement

with recent optical results obtained by Ostrovakit et al.
Presented at meeting of the Amer. Phys. Soc.,
Washington U., Seattle, Aug. 27-29, 1962. 656

Also published in Bull. Amer. Phys. Soc., Series TI, Columbia U. Columbia Radiation Lab., New York.
v. 7. 433, Atug. 27, 1962.

DETECTION OF THE MICEOWAVE v27 LINE OF
For abstract see Item -no. 636, Vol. VI. 27

MOLECULAR OXYGEN PRODUCED IN THE HIGH
ATMOSPHERE, by W. Kahan. [1962] [3]p. incL diagra.

654 refs. (AFOSR-JI380) (Sponsored jointly by Air Force
Office of Scientific Research under AF AFOSR-62-50

Columbia U. [Columbia Radiation Lab. ] New York. and Air Force Office of Scientific Research, Office of
Naval Research, and Signal Corps under [DA 36-030-

LEVEL CRIOSSINGS IN THE (SsSp)3 P STATE OF 6.7 sc-78330]) UnclAsified

HOUR Cd 07 (Abstract). by M. N. McDermott and P. Also published I Nature, v. 195: 30-32, July7, 1962.
Thaddeus. [19621 [l]p. (AFOSR-5467) (Sponsored
Jointly by Air Force Office of Scientific Research
lOffice of Naval Research, and Signal Corps under
DA 36-039-sc-78330]) Unclassified

> 147 <



AIR FORCE SCIENTIFIC RESEARCH

657 the uniqueness of these assugar ments, the A-doubling

Columbia U. Columbia Radiation Lab., New York. frequency for the 2v3/, J = 7/2 state of OH was ex-

perimentally determined. The separation between
A HIGH ENERGY LASER USING A MULTI-ELLIPTICAL
CAVITY, by IL Z. Cummins. [1962) [21. (AIWOR- doublets In the O H spectrum was used to delymine
J1393) (fSponsored Jointly by Air Force Office of Scien- the hype-fne constant 4 associated with the 0 nucleus.
tific Research, Office of Naval Research, and Signal The constant d was also computed theoretically from a
Corps under DA 36-039-sc-78330D Unclassified simple molecular model of OH In which a single unpaired

pw electron about the 017 nucleus is assumed. The ex-
AlsopublI.ed In Proc. Inst. Elec. and Electron. perimental value is about 8% greater in magnitude than
Eln:eersv75I: 254-255, Jan. 1963. the theoretical value, and this difference 1* discussed.

The same spectrometer was used for the determination
Consider an Infinitely long source located at one focus of the electric dipole moment of OH by measuring the
of a perfectly reflecting elliptical cylinder and assume 2
that the thickness of the source to negligibly small cor- Stark shift of the - J = 7/2, M = 4 A-eoubllng line
pared to the dimensions of the ellipse. An object located of 0 1 6 H at a known electric field. The OH dipole mo-
at the second focus will then receive all the energy radi- ment was found to be 1.60 ± 0.12 D. (Contractor's
ated by the source and will, in the absence of any loss abstract)
mechanisms, come to thermal equilibrium with the
source. Under these conditions, modification of the geo-
metry to the multi-elliptical design can produce no gaIn. 659
Optically, this conclusion follows from the consideration
that the radiant flux received by a point on the image axis Columbia U. [Columbia Radiation Lab. ] New York.
depends on the solid angle subtended by the ellipse at
that point, and is the same for a single source or a multi- SPUMUOlU HARMONIC GENERATION IN OPTICAL
source geometry. The same conclusion follows from the HETERODYNING, by H. Z. Cummins, N. Knable, and
second law of-hermodynamics. According to C. Bowness Y. Yeh. [1962] [Sip. incl. dlagra. (AFOSR-JI407)
et ae, Proc. IRE, v. 50: 1704-1705, July 1962, 4he (Sponsored jointly by Air Force Office of Scientific Re-
structure could have 4 black-body sources of temperature search, Office of Naval Research, and [Signal Corps]
T located on the 4 source axes. If then, an the authors under DA 36-039-sc-78330; Army Research Office
state, the efficiency of each of the 4 cavities can be 75% (Durham) and National Science Foundation)
of that . a single ellipse, a line object located on the Unclassified
common focil axds would attain an equilibrium tempera-
ture greater than T, 'n clear violation of thermodynamic Also publshed In Appi. OpL, v. 2: 823-825, Aug. 1963.
, rindples. The authors' remark that the loss in efficiency
it caused by the removal of the cavity wall in the region An experiment is described in which the simultaneous
rr.ut the .,.by common to all the ellipses. The lose, how- photodetection of 2 incoherent light beams chopped at
ever, Is not 2b- (solid angle lost viewed from the source) different frequencies yields a direct measurement of the
as ;bey conclude, but 75% (solid angle lost viewed from cross-modulation coefficient of a photocathode. This is
the imaze), so that the total efficiency is (ideally) 25% a L•v-c.que generally applicable to the measurement of
per ellipse, &M nothing has been gainedl small nonlinearities In photodetectors.

658 660

Columbia U. [Columbia Radiation Lab. I New York. Columbia U. Columbia Radiation Lab., New York.

HYPERFINE STRUCTURE IN 0 1 7 H AND THE OH HYPERFINE STRUCTURE OF THE METASTABLE
IXDPLE MOMENT, by G. Ebrenatein. [1962] [71p. (4p)5 (5s) 3 P STATE OF Kr8 3 , byW. L Faus
Incl. dLagrs. tables, refs. (AFOSR-JI405) (Sponsored 2y36l t and
jointly by Air Force Office of Scientific Research, L, Y. Chow Chiu. [1962] [71p. Incl. diagrs. tablcs.
Office of Naval Research, and Signal Corps under DA 36- refs. (AFOSR-J1408) (Sponsored jointly by Air Force
039-sc-78330) Unclassified Office of Scientific Research under [AF 49(638)557] and

Air Force Office of Scientific Research, Office of Naval
Also published in Phys. Rev., v. 130: 669-675, Research, and Signal Corps under fDA 36-039-sc-
i•'7I '3 •7330D Unclassified

A microwave spectrometer for the study of free radicals Also published In Phys. Rev.. v. 129: 1214-12W0,
or other reactive species Is described; It can be used Feb. 1, 193.
with either Stark or Zeeman modulation. This spectrom-
eter was used to determine the hyperfine structure of For abstract see Item no. 633, Vol. VI.
0 1 7 H. Four main lines of the 2 •I/2' J = 7/12 A-doubling

transition were definitely observed, and there Is evidence
that 1 satellite line was also detected. Quantum number
assignments were made for the 4 main lines, which are
divided into 2 doublets. In ibe course of establishing
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661 EXTENDING THE USEFUL RANGE OF THE ELECTRO-
MAGNETIC SPECTRUM, by R. Novick. Quarterly

Columbia U. Columbia Radiation Lab., New York. progress rept. no. 10, Mar. 16-June 15, 1962, 75p. tacL
diagrs. refs. (Rept. no. CU-6-62) (Sponsored Jointly

RESEARCH INVESTIGATION DIRECTED TOWARD by Air Force Office of Scientific Research, Office of
EXTENDING THE USEFUL RANGE OF THE ELECTRO- Naval Research, and Signal Corps under DA 36-039-sc-
.MAGNETIC SPECTRUM, by R. Novick. Quarterly 78330) Unclassified
progress rept. no. 8, Sept. 16-Dec. 15, 1961, 71p. incl.
diagrs. table, refs. (Rept. no. CU-12-61) (Sponsored A new program for the study of defects in solids by
jointly by Air Force Office of Scientific Research, electron-nuclear double resonance techniques is reported.
Office of Naval Research, and Signal Corps under DA 36- A precise value of the 015 magnetic moment has been
039-sc-78330) Unclassified obtained and compared with the known moment of the

A number of projects involving the optical detection of en- mirror nucleus N5. A 47 000 gauss superconducting
ergy level crossings are described, including work on vari- magnet has been successfully operated. Pvecise values
ous isotopic spceties of Zn and Cd. Results are given for for the hyperfine splitting of a rotational transttion in
the lifetimes of certain of these states. A new experiment the HDS have been obtained with the maser beam spec-
is described for the measurement of the hyperflne struc- trometer. 'Final results are reported on the microwave
ture of Ll ions. Several optical double-resonance studies spectrum of 017H. Precise values for the lifetimes of
are reported, including work on Na and radioactive Cd. the first excited resonance state of Cd, Zn, Ca, and Sr
New experimental programs are described in microwave have been obtained by level crossing spectroscopy. A
spectroscopy of molecules, the production of cryogenic new method of level crossing spectroscopy is reported In
magnets, and a Rb -atomic clock",. Final results are which backscattered signals are utilized to observe
given for meazurements of the O17 H free radicaL Micro- crossings in the presence of heavy trapping. This tech-
wave and optical maser research it discussed. A new nique is being applied to the study of atomic collision
experiment for measuring the microwave properties of phenomena in resonance states. A new molecular beam
simulated planetary atmospheres is in progress. electric resonance apparatus is being constructed for the

study of molecular hyperfine structure. The high pres-
sure microwave absorption of CO2 has been determined.

662 -This information will be used in connection with a study

Columbia U. Columbia Radiation Lab., New 7ork. of the atmosphere of Venus.

RESEARCH INVESTIGATION DIRECTED TOWARD 664
EXTENDING THE USEFUL RANGE OF THE ELECTRD-
MAGNETIC SPECTRUM, by R. Novick. Quarterly Columbia U. Columbia Radiation Lab., New York.
progress rept. no. 9, Dec. 16, 1961-Mar. 15, 1962, 66p.
incl. illus. diagrs. refs. (Rept. no. CU-3-62) (Spon- RESEARCH INVESTIGATION DIRECTED TOWARD
sored jointly by Air Force Office of Scientific Research, EXTENDING THE USEFUL RANGE OF THE ELECTIIO-
Office of Naval Research, and Signal Corps under DA 36- MAGNETIC SPECTRUM, by R. Novick. Quarterly
039-sc-78330) AD 275422- UL'-sastified progress rept. no. 11, June 16-Sept. 15. 1962. 57p.

incl. illus. diagrs. tablts, refs. (Rept. no. CU-9-62)
Several modifications of the 30-ft beam apparatus which (Sponsored jointly by Air Force Office of Scientific Re-
will be used to measure the lifetime of the metastable search, Office of Naval Research, and Signal Corps
state of helium ions are described. Level crossing ex- under DA 36-039-sc-78330) AD 29)306 Unclassified
periments utilizing optical methods (double resonance
methods) have been employed to measure the hyperflne Double photon excitation of the 6S1 / 2-9D 3 / 2 transition
Zeeman structure of isotopes of Zn, Na, Rb, and Cd. in atomic cesium has been obs >rved when the vapor is
Complete results are given for the radiative lifetime o: Illuminated with the intense light of a pulsed ruby laser.

the 3P state of Cd. A new experiment for measuring These observations provide a simple and direct test of
1 the theory of 2 photon processes. New values are re-

the electronic fine structure of ionized LA is under way. ported for the spin, magnetic moment, and quadrupole
Similar experiments are proposed for various states of 65 dlSm
Ca and Sr. Several radioactive species were studied by moment of 245 day Zn and 43 day of Cd These
the double resonance technique, principally Cd and Ca. results were obtained "y optical double resonance. New
Progress is described on several molecular physics precise values of the level crossing fields in 6.7 hour
projects, including molecular beams experiments em- Cd107 and 245 day Zn65 are reported. A program of
ploying velocity selection and electric resonance, and solid state research involving r study of the demagnetized
microwave and maser spectroscopy. Several advances state has been initiated. The demagnetized state will be
In the optical maser program are described. (Contrac- achieved by adiabatic demagnetization in the rotating
tor's abstract in part) frame: it Is expected that this technique will be useful in

the study of rare spins. Polarization studies at S band
have been made on a number of radio sources with the

663 NRL radio telescope and a 9.4 cm maser preamplifier
that was designed and constructed at CRL. Large polar-

Columbia U. Columbia Radiation Lab., New York. lzation was found in Hercules A, 3C 433, and 3C 295.

RESEARCH TNV&RTIGATION DIRECTED TOWARD (Contractor's abstract)
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665 668

Columbia U. Columbia Radiation Lab., New York. Columbia U. [Dept. of Chemistry] New York.

RESARCH WINVSTGATION DIRECTED 70)WARD ALTERNATING LINrW1DTHS IN THE EER SPECTRA OF
EXTENDING THE USEFUL RANGE OF THE ELECTI1O- DINITROBENZENE ANION RADICALS, by J1. H. Freed,
MAGNETIC SPECTRUM, by R. Novick. Quarterly P. H. Rieger, and G. IC. Fravnkel. [1962) [211p. incl.
progress rept. no. 12, Sept. 16-Dec. 15, 1962, 64p. dlagr. (AFOSR-J321) (AF 49(638)520) Unclassified
int= illus. table, refs. (Pr.jot. no. CU-12-62) (Spon-
sored jointly by Air Force Oil:te of Scientific Research, Also published in Jour. Chem. Phys. , v. 37: 1881-1862,
Office of Naval Research, and Signal Corps wnder DA 36- OFFI757118j
039-sc-O079) AD 2906893 Unciassified

An alternation of line-widfth in the hyperfine structi~re
Evidence has been found for the euistence of the due to 2 equivalent nitrogen nuclei Is found in in-,
(ls~s2p) 4  ,metastable state of the lithiumawm This dinitrobenzene but not in para and orthc -4 -vatives.

5,/2 Wei Is interpreted In terms of a time dependent fluctua-
state decays by authorization with a lifetime ol ~about tion in the difference of the splitting constants for each
10 is sec. In addition to its intrinsic interest, this staie separate nucleus. Thie time dependence is supposed to
and similar states in other atoms warrant study because arise from collisions with solvent molecules and from
they may serve as useful sources of polarized eloctrong the formation of short-lived complexes. with the solvent
and ions. Final results are reported on the magnetic molecules.
moment of b 15. Precise values for the zero field hyper-
fine Intervals and the level crossing fields of 245 day 669
Zn6 5 are reported. The split, magnetic moment, and

quaraolemoen 013 ay 1dl5M Columbia U. Dept. of Chemistry, New York.
mined by optical double resonance. Theoretical calcuia- ANOMALOUS ALTERNATING LINEWIDTHS IN ESRtions of the moments of the cadmium and zinc isotopes SPECTRA, by J. H. Freed acri G. K- Fraenkel. [19621
have been made on the basis of the configuration mixing [21p. incl. illus. (AFOSR-3322) (AF 49(M3)520)
model; these are compared with the, exp~erimental values. AD 453519 Unclassified
New Precise values of the liDS molecular parameters
have been deduced from the measurements reported Also oubitshed in Jour. CThem. Phys.. v. 37: 1156-1157.
previously. Initial results are reported on the optical Set_, 92
maser spectroscopy program. In the cooperative rsaio- et
astronomy program with the Naval Research Lab., it An anomalous alteration in the widths of the hyperfine
has been found that the 3200 inc/sec radiation from components was found In the ESR spectrum of the 1, 4-
Saturn Is linearly polarized and that the magnetic poles dinitrotetramethylbenzene Linion radical. A mechanism
of Saturn appear to be located in the equatorial plane of which explains this effect is 1iscussed which InvolvesLthe planet- (Contractor's abstract) the modulation of the hyperfine interaction with the

n-itrogen nucele by a correlat- I hindered rotation of the666 pair of nitro groups.

Columbia U. Dept. of Chemistry, New York.
670

THE MICRO)WAVE SPECTEUM AND STRUCTURE OF
PIU3PIONTITLE, by R. G. Lerner and B. P. Dailey. Columbia U. [Dept. of Chemistry) New York.
[June 1, 1956] [31p. nel. tables, refs. (AFOSR-3566)
(AF 38(600)1152) Unclassified ELECTEN)N SPIN RESONANCE OF AZULENE ANION

RADICALS, by 1. Bernal, P. H. Rieger, and G. K.
lopbihed inJour. Chem. Phys., v. 26: 678- 680, Fraenkel. 119621 [7p. incl. illus. ditagrs. tables, refs.

(AR)SR-J323) (AF 49(638)520) AD 453520
Unclassifled

For abstract see Item. no. CX)U. 03:012, Vol. 1.
Also r nJor Chem. Phys., v. 37: 1489-
1 119,1 1962.

667
The electron spin resonance spectra of the anion radical

Columbia U. Dept. of Chemistry, New York. azulene, azulene- 1, 3-d2 , 4,6, 8-trimethylazulene, andI MICROIWAVE SPECTRUM AND STRUCTURE OF 4, 6,8- trimethylazulene- 1, 3-d2 have been examined.
FORMIC ACID, by R. G. Lerner, B. P. Dailey, and These hydrocarbons are nonalternant and have aromatic
J7. P. y'riend. [June 1, 195611[4]p. tnc. tables. (AF- ring structures with C-C--C bond angles that depart

LOSR-3867) (AF 18(600)1152) Unclassified from 120%. Sigma-pi-interactinn calculations of the pa-

beiJour. Chem. Phys., v. 26: 680-683, raincier QCH [iQhCrltonH H pi~btwe

the isotropic proton hyperfline splitting (H n i
For abstract see item, no. ODU. 03:011, Vol. L. electron spin density (pj")] have been performed as a

> 150 <

L*



AIR MWCE SCIENTIFIC RESFARCH

function of the bond angleb at the carbon atom bonded to broadening process. Temperature-dependence line-
the proton. These calculations indicate a strong depend- width studies show an enhancement of this effect at low
ence of this parameter on angle. By using recent x-ray temperatures.
data on azulene, predictions could be made of the Q's
at the different positions in the radicals. In contrast,
the proton splitting at a methyl- group substituent, deter- 672
mined by the parameter QCCH3H, is predicted to be Columbia U. Dept. of Chemistry, New York.

independent of the bond angles at the carbon atom of the
aromatic system. Calculations of the p1-electron spin ELECTRON SPIN REAONANCE SPECTRA OF
density were made in both the simple Htlckel and the CARBONYL ANION RADICALS, by P. H. Rieger and
M?&Lachlan extended self-consistent field molecular- G.K. Fraenkel. 119621121)p. Incl. diaps, tables, refs.
orbital theory approximations. These calculations were (AF 49(638)520) Unclassified
used with the experimental splitting constants to make
a comparison with the predicted bond-angle variation of Published In Jour. Chem. Phys., v. 37: 2811-2831,
sigma-pt tisteraction parameters (Q's). The McLachlan ecb-',-T62.
procedure gives much more satisfactory results than
the Htlckel calculations, but the agreement with expert- Electron spiln resonancie rtinsg are reported on theH anion radicals of single-ring aromatic compounde cou-
ment involving use of the predicted dependence of QCH taining aldehyde, acetyl, or amide groups, as well as
on bond angle, is only approximate. The theoretical other substituents. Many of the radicals have spectra
estimates of the variation o! QC0  H with bond angle, and which indicate that the carbonyl group is locked in a

conformation planar with the ring for times of the order
of the constancy H, appears to be qualitatively of a u sec or longer. The para dicarbonyls and the 3-

cOnf the t hcyanoacetophenone anion were found to be present incorrect. Applications of the theory for the change of both the cis and trans modifications. A simple modifica-QCHH with angle may in some instances necessitate tion of conventional molecular-orbital theory has been
taking into account bent bonds. (Contractor's abstHact) used with considerable success to account for the loss

of symmetry in the pt-electron spin density for com-

pounds with a locked carbonyl group, and the calculated
671 energy differences for the cis and trans isomers are in

good agreement with experiment. Molecular-orbital
Columbia U. IDept. of Chemistry] New York. calculations of spin densities were made for most of

the radicals and comparisons are made with the predic-
ELECTRON SPIN RESONANCE LINEWIDTHS IN tions of valence-bond theory. The benzaldehyde, aceto-
MULTISUBSTITUTED BENZENE RADICALS (Abstract), phenone, and 4-fluoroacetophenone anions have spectra
by J. [H. - Freed, I. Bernal, and G. K. FraenkeL [19621 with abnormally small ring-proton splitting constants.
[lp. [AF 49(638)520] Unclassified The appearance or nonappearance in all the radicals but

these 3, of twofold symmetry in the pattern of splitting
Presented at meeting of the Amer. Phys. Soc., New constants, is interpreted qualitatively in terms of corn-
York, Jan. 24-27, 1962. peting effects determined by the order of the bond be-

twee- the ring and carbonyl group, and teric factors
Published in Bull. Amer. Phys. Soc., Series IU, v. 7: in the neighborhood of the carbonyl group. A number
44, Jan. 24, 1962. of features of the experimentally determined spin density

distributions have been correlated with the relative
An unusual linewidth pattern has been observed in the electron-with-drawing effects of the substituenta.
electron spin resonance spectrum of dilute liquid solutions (Contractor's abstract)
of certain multisubstituted benzene radicals. This effect
is observed at a field of 9200 mc/sec and consists of a
regular alternation of sharp and broadened hyperfine 673
lines. Theie hyperfine splittings, which arise frcm the
Isotropic interactions between the unpaired electron and Columbia U. Dept. of Chemistry, New York.
the magnetic nuclei, are proportionaý to the odd-electron
spin densities at these nuclei. The broadened lines ELECTRON SPIN RESONANCE OF ELECTROLY'I-
correspond to odd values of the z component of the total CALLY GENERATED NITRILE RADICALS, by P. H.
nuclear spin of equivalent nuclei. The equivalent nitro Rieger, I. Bernal and others. [1962) [11p. incl. diagr.
groups in radIcals such as the dinitrodurene and dinitro- tables, refs. [AF 49(638)520) Unclassified
mesitylene anions give rise to this linewidth alternation,
as do the equivalent methyl groups in protonated duro- Presented at Delaware Valley Regional meeting of the
semiquinone positive ion. In related radical anions. Amer. Chem. Soc., Philadelphia, Pa., Jan. 26, 1962.
such as mononitrodurene, mononitromesitylene, 2-nitro-
metaxylene, and unprotonated durosemiquinone, no such Published in Jour. Amer. Chem. Soc., v. 85: 683-693,
effect has been distinguished. The phenomenon is at- Wir20,7I63.
tributed to the steric hindrance between the ring sub-
stituents and hence to their coupled hindered motions Electron spin resonance spectra have been obtained foi,
leading to a nuclear-spin-dependent intromolecular line a series of anion radicals of aromatic and aliphatic VP

nWtriles. The radicals were generated by electrolv'4c
reduction in N, N-dimethylformamlde solution.
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Polarographic investgations, both conventional and 675
oscillographie, were also performed. In obtaining the
UOR spectra, techniques were employed by which the Columbia U. Dept. of Chemistry, New York.
starting material could be almost completely reduced to
the radical, and thus the broadening of the lines in the SOLVENT EFFECTS IN ELECTRON SPIN RESONANCE
spectra that arises from Intermolecular electron exchange SPECTRA, by J. Gendell, J. H. Freed, and G. K.
was largely eliminated. In most cases, a well-resolved Fraenkel. [19621 [10kp. incl. diagrs. tables, refs.
ESR ,Npectrum was obtained from the radical expected as (AF 49(638)520) Unclassified
the product of a simple reduction process, but in some
reductions complex reactions took place. In a few re- Published in Jour. Chem. Phys., v. 37: 2832-2841,
ducdtions, unresolvable spectra, or no spectra at all, Dec. 15, 1962.
were obtained. Many of the radicals were stable for long
periods of time (several hr or more), but a few decayed The purpose of this report is to assess the significance
quite rapidly (a few min or less). Some of the compounds of solvent interactions, to determine under what circum-
were reduced at potentials corresponding to several dif- stances they are likely to be appreciable, a•iz to ascer-
ferent polarographic waves and resulted In more than tain their effect on the theoretical interpretatioci -4 the
one type of radical from a single starting material. A spin-denstty distributions determined from ESR spectra.
number of reduction mechanisms were elucidated by a In Section II, the authors consider in a qualitative fashion
comparison of polarographic and ESR data. The majority how solvent interactions affect the hyperflne splittings
of the spectra were completely interpreted and assign- and indIcate why some splittings are much more strongly
ment of the splitting constants to the appropriate nuclei influenced than others. In Section MI the dynamics of
(E4 Ný N15' ~1the exchange phenomena between different types of

,C3) in the molecule was possible. Quail- solvent-radical complexes are discussed, and it is
tative observations of electron erchange reactions and shown how the splittings vary with the composition of
of solvent effects were also made. mixed solvents. In Section IV, a simple model based on

conventional molecular-orbital calculations is employed
to account for the solvent variation of the pl-electron

$74 spin densities in the semiquinone". In the Appendix,
the treatment of the exchange reaction by use of the

Columbia U. [Dept. of Chemistry] New York. modified Bloch equations is compared with the spectral
density method. The contributions to the lUnewidths

OPTICAL AND ELECTRON SPIN RESONANCE SPECTRA from random solvent interactions are also discussed.
OF AMMONIUM VANADYL TARTRATE (Abstract), by
I. Bernal and P. H. Rieger. [1962] [I1p. [AF 49(638)-
520) Unclassified 676

Presented at meeting of the Amer. Phys. Soc., New Columbia U. Dept. of Chemistry, New York.
York, Jan. 24-27, 1962.

SOLVENT EFFECTh ON THE OPTICAL AND ELEC-
Published in Bull. Amer. Phys. Soc., Series 11, v. 7: TRON SPIN RESONANCE SPECTRA OF VANADYL
4.5, Ja.. 24, 1962. ~- ACETYLACETIONATE, by I. Bernal and P. H. Rieger.

[1962] [5]p. incl. dLagra. tables, refs. AF 49(638)-
Ammonium vanadyl tartrate, a violet solid, wa3 5201 Unclassified
recently studied by Jorgensen as part of an optical
Investigation of vanadyl compounds. In contrast to the Published in Inorg. Chem., v. 2: 256-260, Apr. 1963.
results obtained on most of these compounds, In which
2 or 3 bands are observed In the visible region, the The positions of certain bands in the optical aisorption
tartrate gives 4. Jorgensen suggested, therefore, that spectrum, as well as the vanadium nuclear hyperflne
tv* upper E state Is split by a distortion of the ligand splitting constant in the ESR spectrum, of vanadyl
gometry to an approximate C, configuration. The acetylacetonate are found to be sensitive to changes in
optical and ESR spectra of this material in aqueous the solvent. The solvent effects on the optical spectrum
solutions over a range of hydrogen ion concentrations are in good agreement with molecular orbital predictions
was investigated. In concentrated HCI, the complex of Balthausen and Gray for vanadyl ion. The optical
decomposes and one observes spectra that are the same data may be used to calculate g-values in good agree-
as those of vanadyl chloride. As the acid concentration ment with the ESR results. A qualitative study of line
is lowered (pH = 1), new bands appear in the visible spec- widths in the ESR spectra shows that the anisotropy of
trum and finally (above pH = 3) the only species observed the nuclear hyperflne interaction tensor also varies
is thiat described by Jorgensen. The ESR spectrum of with changes in solvent. (Contractor's abstract)
the aqueous solution of the violet compound shows 10
clearly resolved lines and a number of shoulders which
can be readily interpreted as the saperpasition of 2 677
groups of 8 lines, each group arisin, from the splitting
of the V nucleus (I = 7/2). The solution of the violet Columbia U. Dept. of Chemistry, New York.
compound must therefore contain 2 distinct vanadyl Ions

erent environments. SPIN-DEIEITY DISTRIBUTION IN NITIULE ANION
RADICALS, by P. H. Rieger and G. K. Fraenkel.
[1962] [16]p. incl. diagr-. tables, refs. (AF 49(638)-
520) Unclassified
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Vt..ei=.i J rU, time were reproducible to within 20%b in most cases. The
DeTT57W62. variation of', ('d .r.,!enttion cross section) with the

total number of buffer gas electrons f.,z al! _-so re-
Molecular-orbital calcul-.ttons of the p1-electron spin ported to date Is shown in graph form. Choosing this
densities in a series of aromatic and aliphatic nitrile p-rampter as abscissa rove_-c -1-hc regi--ar varlation ofanion radicals have been performed using the Htickel- ty rare-gas atomic number and the more irregular be-

LCAO method and the approximate conflguration-interac- havior observed with the other gases. The number of
tion correction of McLachlan. Coulomb and resonance buffer grs electrons Is not expected to be the only lImpor.
integrals for the nitrile group were estimated by corn- rant parameter for description of the disorientation
paring calculated spin densities with proton and C13 hyper- process.
fne splittings obtained from electron-spin resonance
•neasurements. The predicted spin densities were in
generally good agreement with the experimental results, 60
but for some of the compounds it is impossible to get an
exact fit between theory and experiment within the frame- Columbia U. Dept. of Chemistry, New York.
work of the simple valence-theory calculations, If the
sigma-pi Interaction parameters relating splittings to MICROWAVE SPECTRUM OF BIR)MOCYCI.BUTANE,
spin densities are taken as fixed quantities. Semlempiri- by B. P. Da'ley and W. G. Rothschild. [1962] [101p.

14 C13 Incl. diagrs. tables, refs. (AFOSR-JI66) (Sponsored
cal treatments of the N and C splittings In the cyano jointly by Air Force Office of Scientific Research under
groupc give excellent correlations of the experimental AF 4PI638)953 and National Science Foundation)
splittings with the calqulated spin densities, and estimates AD 400098 Unclassified
have been made of some of the sigma-pi interaction pa-
rameters relating to the N1 4 splitting. Polarographic Also published in Jour. Chem. Phys., v. 36: 2931-2940,
half-wave potentials have also been compared with cal- 1,1962.
culated pl-electron energies. A dlacusslon is given of
the relation between the spin densities predicted by the Rotational transitions of 4 isotopic species of bromo-
valence-bond and molecular-orbital theories. (Contrac- 79
tor's abstract) cyclobutane have been observed. For CABr , the

rotational constants are A = 10 003.4 * 13 me, B
1629.41 * 0.03 mc, C =1488.48 * 0.03 mc; for

678 C4H 7Br 8 I, A = 10 002.6 . 13 mc, B = 1615.14 ± 0.03

Columbia U. [Dept. of Chemistry] New York. mc, and C = 1476.50 * 0.03 mc. The values for the

OPTICAL PUMPING AND CHEMICAL REACTIONS. by ,-deuterated compound are, for C3 H6 CDBr79, A
R. Bersohn, R. Bernhelm, and R. [J.j McNeal. 1inal 9534.7 * 13 me, B = 1613.67 * 0.03 me, and C =
rept. Mar. 1, 1960-Feb. 28, 1962, 5p. (AFO6R-2608) 1486.24 * 0.03 me; for C H CDBr8 1 , A = 9533.4 * 13
(AF 49(638)785) Unclassified 3 6

me, B = 1599.55 * 0.03 mc, and C - 1474.24 ± 0.03 me.
An optical pimping apparatus was constructed for A set of structural parameters which reproduce these
rubidium atems. Measurements of the ribidlum spin constants within 1.8 me were obtained with an electronic
relaxation time were made and a theory developed of computer: bond distances C - C. = 1. 540 * 0. 003A,
the relamation process. Preliminary experiments on
the kinetics of photolysis were unsuccessful because of C-- C = 1.548 * 0.003A, C-Br = 1.939A, C-H z
the unexDectedly great reactivity of the photosensitive 1. 096A, and C-D = 1. 087A; bond angles C C C = 88'
molecules with rubidium. 9 YS

06' *08', CQCC..= s8 41' 08', HC H = 110o44',

679 HC 5 H = 108 "44", HC0,Br I 1°, angle of C.CC,8 plane

with C-Br ' 131°00' *08', and dihedral angle =29'22'
Columbia U. Dept. of Chemistry, New York. * 08' (the dihedral angle is the angle made by the normals

of the C.CfC, and C. S, C, planes). The quadrupole-
DISORIENTATION CI•SS SECTIONS IN OPTICAL coupling constant of 14 TBr79 along the C-Br bond dt-
PUMPING, by R. J. McNeal. [1962] [2]p. incl. diagr. C4
table. (AFOSR J183) (AF 49(638)785) AD 400071 rection is 512.2 * 50 mc and the asymmetry parameter

Unclassified "bond is -0.002 * 0.014 u.-. From frequency and in-

tensity measurements of rotational satellites a low-lying
Also ublished In Jour. Chem. Phys., v. 37: 2726- vibrational mode was identified. Its effect is a displace-

ment of all atoms in the molecule (out-of-plane bending).

The disorientation cross sections and diffusion cff Its first and second excited states are 120 * 25 and

cients for rubidium atoms In methane, ethane, ethylene, 251 * 56 cm- 1 , respectively, above ground level. The
cyclohexane, hydrogen, and nitrogen are given with 3 lowest levels of the vibrational mode were shown to be
appiicabl. ")ressure ranges and temperature. The re- large-amplitude vibrationr c. the molecule about a
laxation time was obtained at no fewer than 5 pressures dynamical equilibrium dihedral angle of 25° to 29'.
for each gas, and at least 4 measurements were made Highly excited vibrational states, which cause increasing
at each pressure. The measurements of the relaxation planarity of the carbon ring, are expected to lead to
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twmeling through the potential barrier to the less stable 683

a aisomer of bromocyclobutane. The existence of
the axial isomer by direct observation could ,yt be Columbia U. Dept. of Electrical Engineering, New York.
establisheW due to instrumental difficulties.

"CORRELATION FUNCTION AND POWER SPECTRA
OF RADIO LINKS AFFECTED BY RANDOM DIELEC-

oa1 TRIC NOISE, by D. S. Bugnolo. 11958] [41p. incl. diagrs.
refs. (Technical rept. no. T-3 Sup. : rept. no. CU-4-

[Columbia U. Dept. of Chemistry, New York] 59AF350-EE) (AR)SR-3064) (AF 49(638)350)
Unclassified

VALENCE THEORY AND NUCLEAR RESONANCE, by
J. F. Verdieck. Final rept. Nov. 13, 1962, 2p. Also published in I. R. E. Trans. on Antennas and
(APOOR-4051) (AFAIOSR-60-26) Unclassified Propagation, v. AP-7: 137-141, Apr. 1959.

Il.e application, of optical masers to problems in chemt- For abstract see item no. COU. 21:003, Vol. Ut.
cal physics are discussed. Principal among these appli-
cation is that of optical harmonic generation in high
molecular weight polymers, such as DNA. Elementary 184
calculations indicated that the angular distribution of the
scattered harmonic light does not exhibit a functional Columbia Lt. Dept. of Electrical Engineering, New York.
form different from that of normal scAttered light.
Another application considered is that of double quantum PROCESS IDENTIFICATION IN ADAPTIVE CONTROL
absorp'lon. A laser system was obtained to investigate SYSTEMS, by S. C. Bigelow. Jan. 31, 1962 114]p.
the processes mentioned above. At the present time, incl. diagr. refs. (Technical rept. no. 73: rept. no.
efforts are being made to eliminate difficulties with the CU-7-62AF998-EE) (AF-OSR-2274) (AF 49(638)998)
instrument. Unclassified

A study of the shortcomings of an adaptive control system
632 by Kalman is presented. A modification of the computa-

honal scheme permitting determination of the order of
Columbia U. Dept. of Electrical Engineering, New York. the plant characteristic equations and methods of elimin-

ating undesirable characteristics of the system under
HYDROMAGNETIC KELVIN-HELMIIOLTZ INSTABIUTY steady-state conditions is given. It is shown that a
SURFACE WAVES AND GEOMAGNETIC MICHOPULSA- time-domain characteirization is better suited than plant
TIONS, by A. K. Sen. Final rept. June 15, 1962 [7611. frequencT-domain to characterize the plant dynamics.
incl. dlagrs. table, refe. (Rept. no. CU-20-62 AF350- Such a rharacterization Is developed and presented In
RE) (APOSR-2764) (AF '(838)350) AD 283988 detail.

Unclassified

The most general form f hydromagnetic Kelvin- 685
Helmholtz discontinuity it Wedal incompressible fluids
has been considered. The stability of the hydromagnetic Column.!a U. Dept. of Electrical Engineering, New York.
flow of 2 uniform infinite streams with planar interface
exhibiting this type of discontinuity has been analyzed CONTRIBUTIONS TO THE THEORY OF TIME-
in detail. Necessary and sufficient criteria for its sta- OPTIMAL CONTROL, by E. Krelndler. May 1, 1962
btlity have been obtained. A di~turbance of the stable 160]p. Intl. diagrs. refs. (Technical rept. no. 76)
interface is seen to propagate as hydromagnetic surface (APOSR-2940) (AF 49(636)998) AD 282361
waves. Instability of the interface leads to growing sur- Unclassified
face waves. These results are used to develop a new
theory of geomagnetic micropulsations, in which the Also published in Jour. Franklin Inst., v. 275: 314-
solar wind-exosphere interface is viewed as a surfe 344, "Apr. 19,.z
of hydromngnetic Kelvin- Helmholtz discontinuity. It Is
shown that the sunlit side of this in.erface Is unstable A unified theory tor the time-optimal control of general
under most conditions of solar activity. Only during linear, not necessarily normal (a restriction usually
moderate and intense solar activity, the unstable waves Imposed) plants, with generalized constraints on the
thus generated may leave the interface along the lines control variable is developed. The approach is geo-
of force of the earth's magnetic field and travel towards metrical, thereby providing new Insight and Interprets-
the earth's surface (in the Alfve'n mode) as micropulsa- tion for some results obtained by methods of functional
tions. Some of the important features of micropulsa- analysis. Some other known results are generalized and,
tidon, such as the bandwidth and higher occurrence f)%- as a rule, derived in a simpler fashion. The special
qnency In the daylight hours and in the auroral zones, cases of amplitude, energy, and area constraints are
are explained by the theory. A critical examinatton c, studied in detail, clarifying some points that remained
the single fluid approximations of the plasma equations hitherto obscure. An approximate synthesis procedure
has been made. A rigorous derivation of the boundary is proposed and an example is analyzed. (Contractor's
conditions in an ideal incompressible hydromagnetic abstract)
fluid is also given. (Contractor's abstract)
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686 A complete M-band radlotelescope was built for applica-
tion of techniques of millimeter-band radtoastroommy to

Columbia U. Dept. of Mechanical Engineering, New York. studies of (I) behavior of oxygen in the earth's high
atmosphere and (2) the precise frequency of the corowal

PEIERIS STRESS FOR AN IDEALIZED CRYSTAL radiation due to the hfs trans'tion of sextqply toolsed
MODEL, by W. T. Sanders. [19e2] [I0]p. Incl. diagrs. atomic nitrogen. The radlotelescope had an equatorial
table, refs. (AFOSR-J42) (AF 49(638)909) AD 297112 mount capable of steering a 180-lb, 5-ft parabolic antenna

Unclassified with a millimett.r-band Dicke radiometer. The tempera-
ture of the high atmosphere to which the peak of the oxy-

Also published in Phys. Rev., v. 128: 1540-1549, gen line is sensitive varied enough on different days to
Nov. . produce changes of oxygen absorption. Calculations also

showed that if the temperature of the atmosphere was
An analytical investigation is made of the geometry of 260°K up to a height of 30 km and 240°K above 30 kin,
an edge dislocation in a simple atomic model of an the t27- line would not be detectable by the radiotelescope
infinite crystal, and the effect on the dislocation of ex-
ternally applied shear stress. This study Indicates that used at that time. A millimeter-wavelength maser oscil-
in dislocattoa theory significant results may be obtained lator was constructed by using Fe3÷ In rutile. The
from the discrete m~l~el, on which accurate analysts is structure of the lowest energy levels of Fe3 + in ruttle
possible. Ever the itrmple model used here seems to be was accurately determined and the spin-lattice relaxs-
sufficiently reuvitic -i yield meaningful results. The lion times and line width of some of the transitions were
width, w of the dislocaf on, In this model, is proportional determined accurately.
to Y-1, where y ts the shear strength of a perfect crystal.
The Peierls-N, ,arro (P-N) stress has a large cyclic
variation as -/ ie changed, but is proportional, in the 689
average, to e-w. This differs markedly from the result, Columbia U. [Dept. of P•h'slcs] New York.
,,PN" e 4 lyw, found fr,,m the continuum analysis. The

values of the P-N stresa ranged from 10-3 to 10-5, in DETECTiON OF THE MIC2)WAVE v7LINE OF
units of the shear modulus. In the analysis, the doubly MOLECULAR OXYGEN PRODUCED IN THE HIGH
infinite set of difference equations, derived from force ATMOSPHERE, by W. Kahan. [1962] [3]p. incL diagra.
balances on the atoms, is first reduced, by a type of refs. (AFOSR-J85) (Sponsored jointly by Air Force
Fourier series transform, to an infinite system of equa- Office of Scientific Research under AF AF3SR-62-50
titns, which is then solved by the method of reduction. and Air Force Office of Scientific Research, Office of
(Contractor's abstract) Naval Research, and Signal Corps under [DA 36-039-sc-

78330]) AD 400457 Unclassifed

687 Also published in Nature, v. 195: 30-32, July 7, 1W62.

Columbia U. Dept. of Mechanical Engineering, New York. Radiotelescope observations of atmosptric absorption
of solar millimeter wave radiation have resulted in the

AN EXPERIMENTAL STUDY OF HEAT TRANSFER AT detection of the v2 7 telluric molecular oxygen line at
HIGH TEMPErATURE DIFFERENCES IN TURBULENT 53,070 mcis. Measurements made on different days
AIR FLOW BETWEEN A FADTA7ING CYLINDER AND A have shown that the peak of the v27_ molecular oxygen
STATIONARY CONCENTRIC OUTER CYLINDER, by G.
S. Longobardo and H. G. Elrod. Final rept. Aug. 1462, absorption varies in intensity, presumably as a result
327p. Incl. illus. diagrs. tables, refs. (AFOSR-3207) of temperature variations in the ED.rth's high atmosphere(AF 49(638)1001) AD 407505 Unclassiifed where the pressui-c is low enough to produce the linepeak observe. The results of the experiments are

A study was made of convective heat transfer between a discussed.
rotating cylinder and a stationary, concentric outer
cylinder for the Taylor number range 2000 to 9000, and
for rotor surface temperatures In the range 80' to 430°F. 690
Measurements were made of over-all heat transfer, and
velocity and temperature distributions in the gap between Columbia U. [Electronics Research Labs. ] New York
the 2 cylinders. A hot wire anemometer was used to
determine whether secondary flows exist in the gap in AN APPLICATTO OF FUNCTEONAL Ab ALYSy. 70r THE
the Taylor number range of the tnvestiation. Principal OP.IEMAL cOhiTn.2L PROBLEM, by G. M. Kre.e and
results are given. P.E. SarachlL Jan. 22, 1962, 26p. incl. refs. (Tech-

nical rept. no. 72; rept. no. CU-6-62AF99%-EE)
(AFOSR-2102) (AF 49(638)9W,) Unclassified

688 In the classical for mulation c f the time optimal problem,
Columbia U. ;Dept. of Physics] New York. an input signal is sought which causes the state of a dy-namic system to change in the least time from its Initial

[ RADIO ASTRON01NY AT MILLIMETER WAVELENGTH] value to the final, desired one. It is assumed that this
Final rept. Apr. !6, 1959-Apr. 30, 1962. 16p. Incl. input signal is ronstratned by limitations imposed on its
refs. (AFOSR-3201) (AF 49(638)631) AD 612131 amplitude or energy, etc. Several different approaches,

Unclassified such as, variational techniques, dynamic programming,
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or Pontryagin's maxinum principle have been used to optimal control of general, linear, not necessarily
obtain the solution to this problem. The present paper normal plants, with generalized constraints on the con-
presents yet another method which is applied to obtain trol variable.
generalization of the previously published results to the
case of a time optimal nth order system with r Inputs.

694

8091 Columbia U. Electronics Research Labs., New York.

Columbia U. [Electronics Research Xabs. I New York. ULTRASQONIC DELAY LINE DEVELZPMENT, by L. B.
Lambert. Technical progress rept. July 1-Dec. 31.

ON OPTMIZATIN OF NONIANEAR DYNAMIC 1961. Jan. 2, 1962, 43p. Incl. dtagrs. refs. (Technical
PROCESSES WITH UNKNOWN PA._;METEPS, by R. rept. no. P-1/178; rept. no. CU-l-62AF1113-ERL)
Kulikowski. Jan. 10, 1962 [271p. inr!. dla,,rs. refs. (AFOSR-I=^,u (Sponsored joint]bý by Advanced Research
(Technical rept. no. 71; repL no. CU-4-6nAF993-EE) Projects Agency, Air Force Office of Scientific Research
(AFOSR-2200) (AF 49(638)998) Unclassified under AF 49(638)1113, and Rome Air Development

Center) AD 271710 Unclassified
A class of non-linear, Inertial and random plants which
satisfy certain optimlzability criterion is considered. Progress on ultrasonic delay line research ti discussed-
Two different, convergent processes, the steepest The results of a continued study of lead ao a bonding and
descent and reducing transform methods, are constructed backing material for ultrasonic delay lines are pre-
and co.-pared. The notation of functional analysis is sented. The triple-travel response level was reduced
used. below the level of spurious responses due to diffraction

for a majority of delay line applications. The results
of an Investigation of the diffraction field, In a solid

692 medium, of an ultrasonic transducer are presented.
The e.perimental results Indicated that the aPsumptions

Columbia U. (Electronics :'esearch Labs. ] New York. made in the mathematical description of acoustic diffrac-
tion phenomena are valid. Design techniques for poly-

THE OTPIMUM CONTIX:. OF CROSS- COUPLED gonal delay lines are discussed in terms of spurious
SYSTEMS, by P. A. Meschler. Mar. 1, 1962 1301p. response levels. A theoretical analysis, based on
incl. diagrs. refs. (Tech-.ical rept. no. 75; rept. no. Fresnel diffraction theory, is presented, which results
CU-8-62AF998-EE) (AFOX1R-2312) (AF 49(638)998) in the determination of the optimum transducer length

Unclassified for minimum spurious response level. (Contractor's
abstract, in part)

The purpose of this paper is to develop a design technique
for a cross-coupled controller, once the total system
(total system referring to both plar.ts) has reached the 695
initial point on the trajectory. R-,quirements on the
controller are: (1) it must maintain the total system on Columbia U. Electronics Research Labs., New York.
the trajectory, and (2) it must cause the total system to
transverse the distance from some Initial point to the TWO-DIMENSIONAL IILTERING (Unclassified title),
final point on the trajectory in the least possible time by L. B. Lambert. Technical progress rept. July I-
while keeping within the constrain's on the control varia- Dec. 31, 196.. Jan. 2, 1962, 66p. Incl. illus. diagrs.
bles. refs. (Technical rept. no. P-1/179; rept. no. CU-2-

62AF1113-ERL) (AFOSR-1912) (Sponsored jointly by
Advanced Research Projects kgency, Air Force Office

693 of Scientific Research under AF 49•f38)I1lS, and
Rome Air Development Center) AD 32928.

Columbia U. jElectronics Research Labs. I New York. Confidential

RESEARCH !N"VETIGATON IN CONTROL SYSTEMS. A summary review of the theory and experimental
by G. M. Kranc. Fin•l reset. Dec. 1, 1960-May 31, results for the electro-optical, 2-dimesicnal filter Is

1962. Sept. 1962, 9p. (Pept. no. CU-4-62AFg•98-EE) presented for the convenience of the reader. The meas-

(AFOGR-4217$ (AF 49(.38)998) AD 291275 ured characteristics of the 6-4a. water delay line system
Unclassified are used in typical examples. By employing a ruby

optical maser as a light source for the coherent optical

Abstracts of 5 reports in the field -Af control syrtems system, frequency and time resolutions were measured.
theory are given. These are: (1) a class of nonlinear. For a linear, frequency modulated input sigial baying a
Inertial and random plants which satis*y certain optI- duration of 100 sa sec and a bandwidth of 10 me, a fre-

mizability conditions; (2) the optimal time ptvbleem salu- quency resolution of 13 kc and a time (range-delay)
lion which is extended to time-varying plants ,tih r resolution of better than 0. 15 a sec were obtained. Pro-

Inputs and m outputs; (3) a method for obtatlnoi the grass is also reported concerning the Implementation
order of the system eharacteristic equation frnom ob- 4 %e improved 4-lens, diffraction limited system which

servation of Input-output data; (4) techniques for inter- bag been designe6 to increase the integration efficiency

relating the Ipuos to two separate dynamic systems and dynamic range for a time-bandwidth product of 1000.
when it is required that the oatput of each satisy a func- (Unclassified)
tional rel•oashtp; and (5) a unified theory for tbe time-
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696 The most general form of hydromagnetic Kelvin-
Helmholtz discontinuity in ideal incompressible fluids

Columbia U. Electronics Research Labs., New York. has been considered. The presence of surface tension
on the surfacc of d~scontinuity and gravity is also

COMPUTING TECHNIQUES, by J. Dutt, S. Rablnowitz, assumed. The stability oftlhe ltiydi'omaognetic flow of
and M. Shapiro. Technical progress rept. July 1- 2 uniform infinite streams with planar interface exhibit-
Dec. 31, 1961. Jan. 2, 1962, 78p. incl. diagrs. tables, ing this type of discontinuity, has been analyzed iti de-
refs. (Technical rept. no. P-i/180: rept. no. CU-3- tail. Two necessary and sufficient criteria for its sta-
62AF1113-ERL) (AFOSR-1913) (Sponsored jointly by bility have been obtained, in contrast to only one that is
Advanced Research Projects Agency, Air Force Office usually given. The stabilizing effect of magnetic field
of Scientific Research under AF 49(638)1113, and Rome is strongly dependent on its discontincity at the interface
Air Development Center) AD271707 Unclassified and its orientation relative to that of streaming. The

consideration .jf the stability to a single mode of per-
A 2-stage signal processor which maF be used to turbation leads to the conclusion that this is dependent
process the recelved waveform from a large time band- on the aiove mentioned factors, as well as the following
width radar L-ansmission is described. This 2-stage ones. The effect of surface tension and gravity is de-
receiver concept combines the advantages of the high pendent on.the wavelength, while that of the magnetic
speed capability of analog equipment and the versatility field is dependent on the direction of propagation of per-
of digital equipment- It is applicable to a wide variety of turbation. (Contractor's abstract)
transmitted waveforms which may be approximated by a
sequence of discrete frequenc-y components. The capa-
bility of this 2-stage signal processor to resolve multiple C99
closely spaced (in range) targets is demonstrated and the
influence of target motion and receiver noise are ex- Columbia U. Electronics Research Labs., New York.
amined. Two convenient approximations having good
accuracy in the probability range of Interest are de- THE EIGENVALUES OF HILL'S EQUATION, by L. E.
scribed and compared numerically with results known to Blumenson. June 15, 1962, 41p. incl. refs. (Technical
be exct. (Contracto;'s abstract) rept. no. T-I/180: rept. no. CU-6-62AF1113-ERL)

(Sponsored jointly by Advanced Research Projects
Agency and Air Force Office of Scientific Research under

697 AF 49(6381)1113) AD 295616 Unclassified

Columbia U. Eiettonics Research Labs., New York. Restrictions for the eigenvalues of Hill's equation have
been found by UAapunoff, Borg and others. It it shown

DATA PROCESSING TECHNIQUES, by M. Shapiro and here that they can assume certain extreme values only
S. Wissner. Final rept. Oct 1, 1961-J4%e 30, 1962, if Hill's equation reduces to a trivial case. Effective
19 2p. incl. ijus. diagrs. tables, refs. (Rept. no. iteration schemes for the computation of the first eigen-
F 180; rept. no. CU-8-62AF1113-ERL) (AF(SR-2916) value and the corresponding etgensolution are derived.
(Sponsored jointly by Advanced Research Project- All eigenvalue. are expressed as an infimrm of an
Agency and Air Force Office of Scientilic Research under integral, with very simple side conditions Involving
AF 49(638)1113) AD 295618 Unclassified the zeros of a corresponding eigensolution, and bounds

for the eigenvalues are then obtained- The case of
A 2-stage receiver structure which may be used to equally spaced zeros Is investigated in detail, and again
procesb the received waveform from a general class of it is shown that certain extremal cases can occur Only
high time-bandwidth product radar transmissions is de- If the differential equation is of a trivial type. (Con-
scribed. It is shown that the first stage of the receiver tractor's abstract)
which processes Individual spectral components of the
received signal can be readily implemented. Several
methods of Impli'menting the second stage of the re- 700
ceiver, called a waveform processor, are outlined.
The results of various analytical studies, which serve Columbia U. Electronics Research Labs., New York.
to evaluate the performance and substantiate the feasi-
bility of this receiver concept, are also presented. ELECTIV-OPTICAL TRANSFER CHARACTERISTCCS
(Contractor's abstract) OF LIQUID DELAY-LINE LIGHT MODULATORS, by

M. Arm, L. B. Lambert, and B. Silverberg. 11962]
[1;p. incl. dtagr. [AF 49(638)1113] Unclassified698

Presented at 1962 1. R. E. Internst'L Convention,
Columbia U. Electronics Research Labs., New York. Mar. 26-29, 1962, New York.

STABILITY OF HYDIMAGNE71C KELVIN- tiELMUOLTZ Abstract published in Proc. Inst. Radio Engineers,
DISCONTINUITY, by A. K. Sen. [1962] [101p. inc. v.501457 rI962.
diagra. refs. (AFOSR-5508) (AF 49(6381350 and AF 49-

(636)1 113) Unclassifie" Fa.blished in 1. R. E. Internat'l. Convention Record,
Pt. 6:78, 1962.

Also published in Phys. Fluids, v., 6: 1154-1163, Aug.

1963. The Debye-Sears effect in a water delay line is utilized
to obtain spatial light modulation in real t'.me. The
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design, Implementation, and measurem-nt techniques first performed on one of the random variables and the
which have been employed to optimize the electro-optical second (which may depend on the outcome of the first)
transfer characteristic of this light modulator are pre- performed on the other.) (Contractor's abstract)
sented. Insertion tos, bandwidth and phase response
are theoretically determined for the case of the back-
losded transducer and the case of the quarter-wave 703 Columbia U. Electronics Research Labs., New York.
matching section. These results are then compared with
corresponding experimental results. It is shown that a WIDE-BAND, INSTANTANEOUS SPECTRUM ANA-
low insertion loss can be obtained with a 50% bandwidth LYZERS EMPLOYING DELAY- LINE LIGHT MODU-
by employing a quarter-wave matching section technique. LATORS, by L. B. Lambert. [1962] [10]p. ind. diagrs.
Techniques which have been successful in producing refs. [AF 49(638)1113] Unclassified
quarter-wave matching sections 30A thick adhered to
20-mc, transducers, are described and experimental Presented at 1962 I. R. E. Internat'l. Convention,
results are presented. (Contractor's abstract) Mar. 26-29, 1962, New York.

Abstractulied n Proc. Inst. Radio Engineers,
701 V. 53451, Mar. 1962.

Columbia U. Electronics Research Labs., New York. Published In .R. E. Internat'l. Convention Record.
IT -W- 9, 1962.

A NOTE ON INPUT-OUTPUT SPECTRAL DENSITIES,
by K. S. Miller. [1962] 141p. (AF 49(633)1113) Fast-acting spectrum analyzers which provide a large

Uncl.ssiiled number of resolution elements covering a large fre-
quency band are synthesized by suitably combining ultra-

Published in Quart. Appl. Math., v. 21: 249-252, Oct. sonic, electronic, and optical techniques. The Debye-
TW•. Sears effect In a transparent, ultrasonic delay line is

utilized to convert an electrical input signal to a pro-
This note derives a variant on the well known formula portional spatial pattern. This pattern modulates co-
by which the power spectral density of the output of a herent light which is then spatially integrated by a lens
stationary linear system can be obtained from that of configuration. The Fourier transform of the input sig-
the input and the frequency response of the system. The nal Is obtained so a distribution of light amplitude in the
vart applies to a situation in which the input is a focal plane of the integrating lens. The realizable fre-
stationary random process (possessing a power spectral quency coverage, number of resolution elements, and
density) multiplied by a finite Fourier series. Such dynamic range are discussed. Adaptation techniques
situations are encountered in communications engineer- are described and typical results are presented which
lng. (Math. Rev, abstract) indicate the improvement that can be obtained by em-ploying an optical maser as a light source. (Contrac-

tor's abstract)
702

Columbia U. Electronics Research Labs., New York. 704

SEQUENTIAL DESIGN OF EXPRMIOM WITH TWO Columbia U. [Inst. of Air Flight Structures] New York.
RANDOM VARIABLES, by L. R. Abramson. Sept. 20,
"1962. 107p. Incl. refs. (Technical rept. no. T-2/180; ON THE BUCKUNG OF CIRCULAR CYLINDIUCAL
rept. no. CU-7-62AF1113-ERL) (Sponsored jointly by SRELLS UNDER EXTERNAL PRESSURE, by A. E.
Advanced Resfarch Projects Agency and Air Force Armen.dkas a2d G. Herr•ann. Aug. 1962 [161p. incL
Office of Scientific Research under AF 49(638)1113) dlagrs. refs. (Technical note no. 7; rept. no. CU-23-
AD 295617 Unclassified 62AF430-CE) (AFOSR-3888) (AF 49(638)430)

AD 612674 Unclassified
Given 2 Independent random variables with densities A general bending theory of circular cylindrical shells
and f the folowing hypotheses are tested, HI- fI = f l' under the influence of initial stress, established recently
12 = f1, a 2 f, = tg1" f, where the fII (I. by the authors, is employed In re-examining the buckling

fiv 3of such shells under external pressure, and the results
1, 2) are known denmties. Bayes sequential procedures are compared to those of previous investigat!ons. Sm-
are studied and proof prentn!ed to show that a Bayes ple but azcurate expressions for the buckling pressure
a Bayes decision rule always xist• . The asymptotic applicable to a wide range of shell dimension are pre-
case where the cost of eath observation approaches sented. (Contractor's abstract)
zero Is considerec. An asymptotic expression for the
Bayes risk Is found and necessary and sufficient condi-
tions for a decision rule to be asymptotically Bayes are 705
derived. The p.-opert'es of a class of tests called tandem
tests are studied and necessary and sufficient conditions Columbia U. [School of Engineering] New Yor.e.
found for a tandem test to be asymptotically Bayes. (A
tandem test Is a sequence of at most 2 Wald tests, the DEFOR"ATION AND FRACTURE OF POLYCRYSTAL,-

LINE CADMIUM, by N. S. Stoloff and M. Gensamer.
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[19621 Ill1p. inel. Illus. diagrs. tables, refs. (AFOSR- Also published in Jour. Compar. and Phystol. Psychol.,
J164) (AF 49(r38,!S .i) AD 400088 Unclassified v75S7 737 -e. 1962.

Also published in Trans. Metall. Soc. AIME, v. 227: It is shown that it is feasible to place electrodes into
Gro-1-"F-I . the large brain of the i- tahetilzed bottlenose dolphin

(Turstops truncatu*). .elng roving electrodes, one can
The effects of tempera.ut e, grain size, and magnesium demonstrate separate zones of the brain which are post-
content on the strength and ductility of cadmium were tively and negatively reinforcing, i.e., in which 'self-
st died in the range -269" to 23ýC. A sharp drop in start' and 'self-stop' activity can be elicited. It i. shown

ductility between -140* and -190C marked a transition that the dolphin learns these tasks more rapidly than does
In fracture mode from ductile shear to intergranular the monkey. It is also shown that In a rewarding or posi-
fracture. Theiaddition of up to 15.35 wi t% Mg in solid tively reinforcing xc :, the animal tends to vocalize in
solution raised the transition temperature, and for 2 complex and startling ways. It vocalizes when first
compositions produced basal cleavages. The relatively stimulated in this area ,r when stimulation is withdrawn
high ductility of unalloyed cadmium at cryogenic tempera- alter a period of self- start' activity. Thus, it is con-
tures is attributed to temperature independence of the cluded that the behavior of the bottilenose dolphin differs
yield stress and the absence of dislocation locking. (Con- from that of the monkey in the following respects: Like
tractor's abstract) the monkey, the dolphin uses any available external so-

matic motor output In order to push switches to stimulate
its own brain for a wanted, or positive, or rewarding

Committee on Mathematical Biology, Chicago, Ill stimulus or to cut off an unwanted, or negative, or
see Chicago U. Committee on Mathematical Biology, Ill. punishing stimulation started by the apparatus. In con-

trast with the monkey, the dolphin uses Its vocal output
when this is effective in order to modify the responses

706 obtained from the environment (in terms of brain stimu-
lation). The dolphin catl inhibit violent escape behavior

[Communication Research Inst., Miami, Fla.] caused by 'punishing' brain stimulation; the macaque
does not.

INTERSPECIES COMMUNICATION, by J. C. Lilly.
11962] [31p. incl. illus. (AFOSR-2623) [Ar AFOSR-61-
62i Unclassified 708

Also published in McGraw-Hill Yearbook of Sci. and Com-...,.cation Research Inst., Miami, Fla.
Tech., 1962, p. 279-281.

VOCAL BEHAVIOR OF THE BOTT'LENOSE DOLPHIN,
The suitability of the bottle-nosed dolphin (Tursiops by J. C. Lilly. j1962] [10k. I. illus. dtsgr. refs.
truncatus) for verbal interspecles communication re- (AFOSR-J207) (Sponsored jointly by Air Force Office
search is discussed. Exchanges between individuals of of Scientific Research under [AF AFOSR-61-62], Coyle
the species in which each animal transmits and then Foundation, National Institutes of Health, National
waits for the transmission from the other animal have Science Foundation, Office of Naval Research, and Office
been found. Altcrnations between 2 individuals seem of Science of the Department of Defense) AD 400179
to be the rule for the whistles and clicks emitted by the Unclassified
animals. Tursiops emits high-pitched sounds which have
been variously described as quacks, squawks, wails, Also published in Proc. Amer. Philos. Soc., v. 106:
bleats, barks, and buzzings. The tendency of some of 520-529, Dec. 'D62.
the species to produce many humanoid sounds while
hearing human speech has been interpreted as mimicking. The bottlenose dolphin (Tursiops truncatus Montagu)
Neurophystological studies of the dolphin's brain reveals emits several different classes of complex sounds. Some
some similarity to the human one (as opposed to smaller- of these sounds are encountered In the natural state,
brained animals) with respect zo vast silent areas, a re- others are acquired during long periods of captivity in
stricted motor strip which causes muscle movements close contact with scientific investigators. Some of these
when stimulated and large and wefl-differentiated areas sounds are emitted under water without loss of air, others
for eye movement. are emitted in air with the open blowhole above the water.

The naturally occurring underwater sounds consfst of
several classes Including whistles, clicks, barks,

707 creakin-s, etc. All of these sounds are relatively high
pitched compared to those of the human voice and extend

Communication Research Inst., Miami, Fla. from 2 kcps to approx 150 kcps. When a dolphin opens
its blowhole and emits these sounds, the charaeteristics

OPERANT CONDITIONING OF THE BOTTLENOSE frequencies heard are lower than those heard stmultane-
DOLPHIN WITH ELECTIUCAL STIMULATION OF THE ousi; under water. A dolphin can be induced by various
BRAIN, by J. C. Lilly and A. M. Miller. [1961] 17)p. means to emit another class of sounds in air. Because

incl. illus. diagrs. refs. (AFOSR-2624) (Sponsored of their resemblance to the sounds of human speech these
]ointly by Air Force Office of Scientific Research under sounds have been named ,humanoid emissions. ' Analysis
AF AFOSR-61-62, National Institutes of Health, and by means of the sound spectrograph and osci~lographic
Office of Naval Research) AD 612326 Unclassified methods demonstrates that these sounds are basically

white- notse-hissings and/or high-pitched buzzings, modu-
lated in selective frequency bands by the efforts of the
animal.
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709 m Fx + m)Kx + m +n) An a.e., and r. F(x + m)I2

Connecticut U. (Dept. of Mathematics] Storrs. !: M a 2a.e. In the concluding pages of this paper the
author considers Ip analogues of these 12 results. Let

INTEGRAL NORMS OF SUBADDiTIVE FUNCTIONS, k = I and let supp K= [-v, r). Then K jx) can be
by R. P. Gosselin. 119621 [Sp. (AFOIR-J861) (AF 49-
(638)608) AD 416017 Unclassified written tit the form (2V)- 1/ 2 etg(l)' g real, for

x I --r, ]. Assume now, in addition, that g(x) is of

Spublished In Bull. Amer. Math. Soc., v. 69: 255 bounded total variation on [-v.wv. Let <p <-. If
.- m'amP < -, then the series ZmamK(x + m) converges

The fact that certain integral norms for positive, meas- everywhere to a function 7(x) which satisfies
urable, subadditive functions of a single real variable .(x) p * C (Pm~amIP)"/P for some constant C. Con-
are comparable is here extended to functions on versely, if F ;_ TP, the closure in LP(RI) of

Euclidean n-space En. It Is shown also that an Integral

norm taken over En Is equivalent to one taken over one- -K(x + m)' -- , and if am z ' F(x)K(x + m) dx, then
dimensional space, and thus n-dimensional analogues of a'amP) 1/p C' ) and m a K(x + m) converges
inequalities for one dimension are obtained. Let o be 0m m - ) m mg

positive, measurable, and subadditive on En, n > 1, a. e. to F(x). Moreover, an = Em F(x - m)Kix, n+ m)
let ul, w 32 ... , ce, be linearly Independent unit vectors, a. e. (Math. Rev. abstract)

and let0 <p < ,and,,p>-1. Then there exist constants
A 2d B, depending only on % p. and n, such that 711

a N n 0 p (r4) drIB . Enp(x) Copenhagen U. [Dept. of Chemistry] (Denmark).

En ixnp A, .~ j~ En Xln~op&dx. isPRA10 -FLABELLED FURAN. by B.
Bak, J. T. Nielsen, and M. Sch~ttlander. [19621 [l1p.
(AFOSR-3808) [AF 61(052)73] Unclassified

The restriction vp > -I can be omitted for the second
Inequality. (Math. Rev. anstract) Also published in Acta Chem. Scand., v. 16: 771, 1962.

3-Bromocoumalic acid Me ester (1) (1. 10 g), disolved
710 In a solution of 2.20 g K0H In 4.55 g H20 (enriched to

Connecticut U. IDCPt of Mathematics] Storrs. 33% in 018), the mixture recquxed 20 min under dry N
at 120%, cooled to liquid air timperature, and treated
in vacuo with 44 mmol dry HC1 gas, the temperature of

ON THE Lp THEORY OF CARDINAL SERIES, by -. P. the mixture slowly elevated whiie it was magnetically
Gosselln. [1962[115]p. (AFOSR-64-0208) LAF AFOSR- stirring, stirring continued at room temperature 30 min.
62-1421 AD 432691 Unclassified and the mixture evaported in vacuo at room temperature

Also published In Ann. Math., v. 78: 567-581, Nov. (HC1, H20, and MeOH collected In trap 1) gave 2,4-

-1-963. furandicarboxylic acid 0-labeled In the hetero 0 and
the carboxyl groups as a residue (togethef with KBr and

Let Rk be k-dimensional Euclidean space, and let KCI). Conversion of this acid to furan-O (II) was
L carried out as previously (item no. 597, Vol. V). except

Qx) C L(k) be such that "K(x + m)I -- is a complex the heating was for 1 hr at 250-275 '. After cooling, the
orthonormal set The author shows that this Is equiva- CO 2 eolved was removed at -80° in vacuo and collected

lent to the condition In K' (x + 2wn) •2 = (2)-k for almost at liquid air temperature (trap 2). The yield of I was

all x, the summation being taken over all integral lattice 26%, based on I; lnfrared and microwave gas-spectra

points nU= (n.. nk) i. Rk. Let TK be the closure in showed R contained 25% 0 . Mass spectroscopy showed
the contents of trap 1 had about the same o'S-abundance

LJ(Rk) of this orthonormal set. If Fe T. then, in as 11, but that of trap 2 had about half this value; these
2.k K data indicate that the carbonyl 0 of the labeled diacid wasL2(k) F( Z"'am~ ),weea 18 1

L j= = mam~ + i), where am not exchanged againS: 0 . Introduction of 018 into the

aRk Flx)(7'mW)dx. (Actually, much more can be salt, the 2 CO2 H groups of the diacid took place during the

about the mode of convergence of this series.) TK is saponification of the carbomethoxy and lactone groups.

said to be translation-invariant if F(x) F TK implies

F(x-a) e TK for all a f Rk. It is shown that T K Is trans-

lation-invartant if and only If every F e L2 l•) such that
supp F= supp K belongs to T., and that both of these

conditions are equivalent to !K (x): = (2v)"k/ 2 on supp
K. Moreover, in this case, if fg TK then
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712 or not single cortical cells respond selectively to differ-
ent colors. The results are discussed relative to the

Copenhagen U. Inst. of Neurophyslology (Denmark). following theories of color vision: Is color vision tri-
chromatic as postulated by Young and Helmholtz depend-

SINGLE UNITS IN MONKEY (MANGABEY) CORTEX Ing on 3 primary colors, or is It tr'.enromatic depending
WITH NARIOW SPECTRAL RESPONSIVENESS, by M. A. on color pairs of which one is white-black as postulated
Lennox-Buchthal. 119621 [271p. incl. illus. tables, by Hering? No single units were found which responded
(AFOSR-369) (AF 61(052)189) Unclassified to white but not to colors, excluding, it would seem,

this portion of the Hering theory. Some single cells
A single unit study was carried out in the visual cortex responded to blue, green or red in agreement with the
of anesthetized mangabey monkeys. The stimuli were trichromatic theory, but the precise limits of the re-
20 msec flashes through broad pass filters and, in some sponse range were variable from cell to cell and from
instances, electric stimulation of the optic nerve. The time to time for each cell. On the other hand, certain
units which responded are described and the effect of other single cortical cells responded to color pairs,
varied background light studied, sometimes to roughly complementary colors and then

often to white, sometimes to colors not complementary
(green and red) and then not to white. It wouId appear

713 that there may be several mechanisms for color vision,
as proposed by the theory of von Kries.

Copenhagen U. Inst. of Neurophysiology (Denmark).

SOME FINDINGS ON CENTRAL NERVOUS SYSTEM 715
ORGANIZATION WITH RESPECT TO COLOR, by M.
A. Lennox-Buc!%thal. 1960] [61p. incl. illus. diagrs. Cork U. Coil. (Ireland).
refs. (AFOSR-7"14) ,AF 61(052)189) AD 632073

Unclassified RESEARCH ON AEOLOTROPIC E-ASTICITY AND
PLATES, by P. M. Quinlan. Final rept. Dec. 1, 1960-

Also published In The VisuWl System: Neurophyslology Nov. 30, 1961 '2]p. (AFOSR-2489) (AF BOAR-61-4)
and Psychophysics; a Symposium, Freiburg (Germany) AD 279903 UnclaIssfled
(Aug. 28"*Sept. 9, 1960), ed. by I. Jung and H.
Kornhuber. Berlin, Springer-Verlag, 1961, p. 191-196. Three technical notes Issued under the coutract during

this period are briefly described. (8_ item no. 601,
Eidence is reviewed that reorganization of visual VoL V; and item nos. 716 and 717.Vol. VI.)
messages with respect to color occurs in the central
nervous system. In man, cat-fish and cat blue and red
stimuli of equal brightness appear to undergo temporal 716
differentiation in that red stimuli are transmitted more
rapidly than blue. This has not been confirmed for Cork U. Coll. (Ireland).
monkeys. In monkey cortex (the eye light adapted)
more than half the single unita responding to light did so THE 2,-METHOD FOR AEOLOT1OPIC RECTANGULAR
with narrow spectral responsiveness. Different units AND SKEW PLATES, by P. M. Quinlan. Apr. 1962,
responded to flashes through only I of 4 broad pass 37p. incl. dlagra. table. (Technical note no. 15)
filters peaked at 450, 515, 587 or > 600 mam. All single (AFO6R-2683) (AF EOAR-61-4) AD 275841
units with narrow spectral responsiveness to 560 mu Unclassified
responded as well to I or 2 adjacent filters. The re-
sponse of the same cells to optic nerve stimulatiox sug- A simplified derivation of the basic equations of
gested that they lay on a one to one pathway from optic aeolotropic elasticity, with at least one plane of sym-
ne -ye to cortex. The different experi-nental conditions metry, is presented. A solution to the concentrated
from those used in stud.es of monkey geniculate do not load case, the Green's function of the problem, is ob-
appear sufficient to exp'.ain the difference in results. tamned Involving double Fourier serler, which are then
It seems likely that the Irformation available to single summed to a pair of singly infinite series. The neces-
cortical cells is different from that at geniculate and sary calculus for integration and differentiation Is
that it is simpler. (Contractor's abstract) established leading to particular integrals for line and

distributed loadings and alao for concentrated moments,
and for all derived functions (slopes_ moments, shears)

714 of these loadings. Singly infinite series of complemen-
tary functions are then obtained, a great effort being

Copenhagen U. Inst. of Neuropbysilogy (Denmark). made to simplify and coordinate the resulting algebraic
formulas with the maximum use of algebraic symmetry.

RESPONSES OF SINGLE CORTICAL CELLS OF Complementary functions for all boundary conditions
MONKEY "10 MONOCHROMATIC FLASHES, by M. [A.] are reduced to a general form, wberez.n they are spect-
Lennox-Buchthal Jan. 1962 [7kp. Incl. diagra. (Tech- fled by 2 parameters q' and q, and 2 corresponding sets
nical note no. 3) (AFOSR-2505) (AF 61(052)189) of functions h (s) and f (S). On equating like harmonies
AD 280014 Unclassififed q q

on the boundaries, a general truncated set of sImultane-
In an attempt to elucidate the role of the central nervous ous equations is obftined that is readily adapted to all
system and especially of the cortex In color vision, a loadlngs and all boundary conditions. These can be
study was carrlea out on monseys to ascertain whether generated and solved in au electronic computer. Finally,
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extension is made to the case of an aeolotroptc skew the Falkner-Skan family of profiles. The beat release
plate, which it reduced to the same algebraic form as due to surface reconmbination is found to be Insensitive
that for the rectangular plate. (Contractor's abstract) to the pressure gradient when the wall is relatively non-

catalytic; for catalytic walls a decreasing pressure
gradient (I. e., more strongly accelerated flow) tends

717 to increase the heat transfer. (Contractor's abstract)

Cork U. CoIl. (Ireland).
720

AN AXIALLY-SYMMETIUC AEOLOT1OPIC MEDIUM,
by P. X. Quinlan. Mar. 1962, 65p. tncl. diagra. tables, Cornell Aeronautical Lab., Inc., Buffalo, N. Y.
refs. (Technical note no. 14) (AFOSR-2689) (AF
EOAR-61-4) AD 275842 Unclassified TRANSENT HEAT-TRANSFER MEASUREMENTS OF

CATALYTIC RECOMBINATION IN A STEP- FUNCTION
The study it in 2 parts, the first dealing with plane FLOW OF ATOMIC OXYGEN, by A. L. Myerson.
strain problems in a semi-infinite and in an infinite Interim rept. Aug. 1962 [33kp. Incl. illus. diagrs. refs.
aeolotropic medium which is transversely Isotropic. (RepL no. AF-1412-A-2) (AFOSR-3203) ,',F 49(638)-
The second part deals with azlally-syrmaetric loadings 782) AD 412362 Un~lassifled
in the same media. Solutions are presented for line and
point loads normal to the surface of a semi-infinite body, Heat transfer measurements were made by taeans of
for loads at an interior point of such a body, and for thin-film resistance thermometry which b-c simul-
Kelvin's problem in an infinite body. Image systems are taneously, catalytic and norwetaytic transient heating.
developed and apslied to give relaxation type solutions These transients are observed with meec resolution
to an aeolotroplc layer on a rigid base, and to multi- during a well-defined step-function of atomic oxygen
layer systems. (Contractor's abstract) concentration in a subsonic flow. The differences are

observable because of the short response aime of the
probe and are thus In significant contrast with the be-

718 havior determined by the extant steady-state techniques.
Differences in the beha&Vor of the heat-transfer rate as

Cork U. Coll. (Ireland). a function of time are noted for conditioned and uncon-
ditioned surfaces. (Contractor's abstract)

THE L -METHOD FOR SKEW PLATES, by P. M.
Quinlan. 11962] 118]p. incl. diagr. table. (AFOSR-4224)
(AF •OAR-61-4) AD 431130 Unclassified 721

Also published in Proc. Fourth U.S. Nat'l. Cong. AppL Cornell Aeronautical Lab., Inc., Buffalo, N. Y.
ec.,Caifornia U., Berkeley (June 18-21, 1962),

New York, Amer. Soc. Mech. Engineers, v. 2: 733- SfLVER-CATALYZED SURFACE RECOMBINATION
750, 1962. IN A STEP- FUNCTION FLOW OF ATOMIC OXYGEN,

by A. L. Myernon. [19621 [3]p. Incl. diagrs, refs.
A comprehensive method of setting up the skew-plate (AFOSR-64-0140) (AF 49(638)782) AD 431070
problem, under all boundary conditions and loadings, is Unclassified
presented. The results, for the concentrated load case.,
are gI.'en in the form of a single infinite series involving Also published In Jour. Chem. Phys., v. 38: 2043-
root functions. The necessary calculus for differentiating "4 -r 5,1963.
and integrating these functions Is then established, lead-
ing to the deduction of the distributed load whether dis- The heating of a Ag film was determined as a function
tributed over a line or over a parallelogram similar to of time prior to and following the arrival of atomic oxy-
the plate. By treating a concentrated moment as a force gen at the film. The rate of heating of a film never be-
pair, this case follows by differentiation of the concen- fore exposed to atomic oxygen was much less in the
talted load case. Finally, the bound•ry conditions are early stages, and no sudden Jump In temperature was
reduced to a truncated set of simultaneous equations, observed upon arrival of atomic oxygen as in the case
which can be programmed for solution on an electronic of films previously exposed .1o oxygen. The usual rise
computer. (Contractor's abstract) in temperature did not occur until approximately 65

msec after the arrival of atomic oxygen. Metallic Ag
was essentially noncatalytic to oxygen atomic recombina-

719 tion. The high catalytic activity was attributed to Ag
oxide.

Cornell Aeronautical Lab., Inc.. Buffalo, N. Y.

CATALYTIC SURFACE RECOMBINATION IN BOUND- 722
ARY- LAYER PROFILES OF THE FALKNER-SKAN
TYPE, -by W. J. Rae. Sept. 1962, 56p. incl. diagra. Cornell Aeronautical Lab., Inc., Buffalo, N. Y.
tables, refs. (lRepL no. AF-1412-A-1) (AFOSR-2071)
(A? 49(638)782) AD 238024 Unclassified CATALYNS OF RECOMBINATION IN NONEQUIILBIIIUM

NOZZLE FLOWS, by A. Q. Eschenroeder and J. A.
Reactant concentrations in the dilf•sion-controlled flow Lordl. [1962] [16k1. incl. diagrs. tables, refs. (Spon-
over a surface of constant catalycity are calculated for sored jointly by [Air Force Office of Scientific Research
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under AF 49(638)782] and National Aeronautics and pie of measuring the differential beat transfer between
Space Administration) Unclassified catalytic and noncatalytic gauges immediately adjacent

to one another on the stagnation line of a cylindrical
Published in Ninth Symposium (Internat'l.) on Combus- model. The theoretical performance of the probe in the
tion. Co•nel U., Ithaca, N. Y. (Aug. 27-Sept. 1, 1962) free molecule, the viscous shock layer, and the boundhry
New York, Academic Press, 1963, p. 241-256. layer regimes, respectively, ts considered. It ts shown

that the probe cannot be operated successfully in the free
The effects of a chemically active additive were investi- molecule regime, except under unusual circumstances.
gated for nonequilibrium expansions of a dissociating In continuum flow, It is shown that under those conditions
gas. Numerical solutions were obtained in order to necessary for the atoms in the free stream to reach the
assess the catalytic influence of free radicals formed by surface of the probe (chemically frozen shock layer and
bonding between the additive element and atoms of the boundary layer), we are always working in the viscous
dissociating gas. High-enthalpy nozzle flows of hydrogen shock layer regime. Accordingly, it is this flow regime
with small quantities of carbon addition were studied in which the probe measurements can be interpreted
over a range of equilibrium reservoir conditions appro- readily. The results of detailed calculations which relate
priate to nuclear and electrothermal rocket operation, to the application of this probe to measure local atom
A chemical kinetic model consisting of 8 species and 12 concentrations in nonequilibrium, hypersonic nozzle
reaction steps evolved from studies of composition his- flows are presented. (Contractor's abstract)
tories based on various flnite-rate reaction schemes.
Through 2-body abstraction and association reactions be-
tween hydrogen atoms and hydrocarbon species, more 725
of the energy in hydrogen dissociation is released than
would kinetically be available in the absence of carbon. Cornell Aeronauticl Lab., Inc., Buffalo, N. Y.
In some cases, this effect counterbalances the increased
molecular weight so that the specific impulse of the sys- SURFACE- RECOMBINATION EFFICIENCIES IN A
tem exceeds that of pure hydrogen in finite-rate non- STEP-FUNCTION FLOW OF ATOMIC OXYGEN (Ab-
equilibrium flows. (Contractor's abstract) stract), by . L. Myerson. [1962] [lip. [AF 49(638)-

7821 Unclassified

723 Presented at meeting of the Amer. Phys. Soc.,
Washington U., Seattle, Aug. 27-29, 1962.

Cornell Aeronautical Lab., Inc., Buffalo, N. Y.
Pubbshed in Bull Amer. Phys. Soc., Series 1, v. 7:

COMPARISON OF EXACT AND APPROMUIATE , 1962.
SOLUTIONS FOR NONEQUIUBRIUM NOZZLE FLOWS,
by J. A. Lordi. [1962] 12]p. incl. tables. (Sponsores Heat-transfer measuremtn t s have been made, by means
jointly by Air Force Office of Scientflc Research under of thin-film resistance thermometry, which show simul-
AF 49(638)782 and National Aeronautics and Space taneously catalytic and noncatalytic transient surface
Administration) Unclassified heating. These transients are the first to be observed

with millisecond resolution for a well-defined step func-
rublished in ARS Jour., v. 32: 1285-1236, Aug. 1962. tion of atomic-oxygen concentration in a subsonic flow.

The measurements have been achieved by mcunting
The nonequillbrium expanding flow of a chemically cylindrical probes perpendicular to a flow of undisoci-
reacting mixture is a problem of current interest in con- ated oxygen. Hadiofrequency energy then was suddenly
nection with high enthalpy flows in rocket engine and imposed on the upstream flow. The transient heating
hyersonic wind tunnel nozzles. Approximate methods effects of the step-function increase in atomic oxygen
have been developed for predicting the frozen level of were observed on 2 concomitant oscilloscope traces.
molecular dissociation for the nozzle flow of diatemic The excess of catalytic heating, due to the surface re-
gases. The purpose of this note is to evaluate approxi- combination of atomic oxygen, over the noncatalytic
mate solutions for the frozen dissociation fraction in heating was clearly evident at all times. All catalytis
oxygen and hydrogen nozzle flowa, -eviously obtained by heat-transfer rates showed a rapid rise to a peak value.
thc method of Hall and Russo (ite". to. 424, Vol. IT[). After this, different types of behavior were noted, ap-

parently dependent on the conditioning and treatment of
the catalytic surface. In some cases, the rate of heat

724 transfer remained constant, while in others It dropped
from a peak value and then leveled off. Surface-re-

Cornell Aeronautical Lab., Inc., Buffalo, N. Y combination efficiencies have been calcutated for various
values of the instantaneous heat-transer rates.

LOCAL ATOM CONCENTRATIONS IN HYPERSONIC
DISSOCIATED FLOWS AT LOW DENSITIES, by I. A.
Hartunian. [1962] [61p. In-.l, diagrs. refs. [AF 49- 726
(63)782] Unclasuified

Cornell Aeronautical Lab., Inc., Buffalo, N. Y.
Published in Phys. Fluids, v. 6: 343-348, Mar. 1963.

INVISCID HYPEIMONIC AIRFLOWS WITH COUPLED
The theory of a probe to measure local atom concentra- NONEQUIUBMUM PROCESSES, by J. G. Hall, A. Q.
tiors in hypersonic flows of a dissociated gas at low Eschenroeder, and P. V. Marrone. May 1962, 88p.
densities is presented. The probe operates on a princi- ncl. diars. tables, refs. (Rept. no. AF-1413-A-2)

S163 <



AIR FORCE SCIENTIFIC RESEARCH

(AFO6R-2072) (Sponsored jointly by Advanced Research for sharp-nosed nypersonic wedgts and cones. Blunt-
Projects Agency; and Air Force Office of Scientific Re- nosed slender-body flows, which vre not amenable to
search under AF 49(638)792) AD 277112 Newtonian theory. are handled with pe, turbatton analysts

Unclassified by adapting a detached shock-layer theory previously
developed by Cheng for combined bluntnes-viscous

Also published In Jour. Aerospace Set., v. 29: 1038- Interaction effects. Closed-form solutions for effects"TW3I7Lp-7TIff. (Title varls) of nonuniform flow on shock shape and surface pressure
are obtained for slender blunt plates and cylinders. The

Analyses have been made of the effects of coupled chemi- effects of both angular divergence and axial gradierts
cal rate processes in external and internal Inviscid hyper- In the ambient flow are shown to be significant.
sonic airflows at high enthalpy levels. Exact (numerical)
solutions have been obtained by the inverse method for
Inviscid airflow over a blunt nose under flight conditions 729
where chemical nonequllibrium prevails throunh the nose
region. Numerical solutions have also been obtained for Cornell Aeronautical Lab., Inc., Buffalo, N. Y.
nonequillbrium expansions of air from initial equilibrium
states appropriate to afterbody flows in flight and to NONEQUILIB1UM EXPANSIONS OF AIR WITH
hypersonic nozzle airflows. The results illustrate the COUPLED CHEMICAL REACTIONS, by A. Q.
general importance of the coupling among the reactions Eschenroeder, D. W. Boyer, and J. G. HalL [1962]
considered. These included dissociation-recombinatlon, [10]p. incl. dlagrs. table, refs. (AF 49(638)792)
bimolecular exchange, and Ionization reactions. (Con- Unclassified
tractor's abstract)

Published in Phys. Fluids, v. 5: 615-624, May 1962.

727 Analysis and solutions of the streamtube gas dynamics
involving coupled chemical rate equations are carried

Cornell Aeronautical Lab., Inc., Buffalo, N. Y. ouL Results are presented for airflows along the surface
of blunt bodies and through hypersonic nozzles. Speeds

BLUNT-NOSE INVISCD AIRFLOWS WITH COUPLED and altitudes corresponding to re-entry were selected
NONEQUIUBI1UM PROCESSES, by J. G. Hall, A. Q. to obtain initial conditions for the external flow calcula-
Eschenroeder, and P. V. Marrone. 11962] [14 ]p. Incl. tions. Conditions appropriate to hypersonic tunnel
dtagrs. tables, refs. (Sponsored Jointly by Advanced testing were chosen for the nozzle flow calculations.
Re3earch Projects Agency and Air Force Office of Scien- Composition histories are shown for a kinetic mechanism
tifc Research under [AF 49(638)792]) Unclassified including 6 species and 14 reactions. Gas-dynamic

effects of nonequilibrium processes quslitatively re-
Published In Jour. Aerospace Se., v. 29: 1038-1051, semble those reported earlier. However, the freezing

process Is complicated by the coupling of the nitric oxide
shuffle reactions with the dissocatton-recombtnation

For abstract see item no. 726, Vol. VI. reactions. In many cases of hypersonic nozzle flows
where the energy in nitrogen dissociation Is significant,
the fast shuffle reactions prevent nitrogen-atom freezing

728 which would otherwise occur if 3-body recombination were
the only frocess operating. Nitrix oxide concentrations

Cornell Aeronautical Lab., Inc., Buffat•, N. Y. undershoot the equilibrium values If the ratio of nitric
oxide to oxygen molecule concentrations exceeds unity

EFFECTS OF STREAM NONUNIFOFMITIES IN in the freezing region. This depletion of nitric oxide
HVPERMOC FLOW (Abstract), by J. G. Hall. 11962] leads to nitrogen-atom freezing. (Contractor's abstract)
[l]p. [AF 49(638)792] Unclassified

Presented at meeting of the Amer. Phys. Soc., 730
Washington U., Seattle, Aug. 27-29, 1962.

Cornell Aeronautical Lab., Inc., Buffalo, N. Y.
Published in Bull. Amer. Phys. Soc., Series If, v. 7:
1W•,--T-' , 1962. THERMAl. AND CHEMICAL .ONEQ•UIBRIUM IN

EXPANDING GAS FLOWS (Abstract), by A. Russo, I.
Conical or wedge-type hypersoric nozzles produce test Hurle and others. [19621 fl[p. [AF 49(638)792)
flows having divergence and axial gradients which can Unclassified
substantially affect the test-model flow field. Previous
considerations of consequent effects on surface pressures Presented at meeting of the Amer. Phys. Soc.,
have been either empirical or by digital machine solu- Washington U., Seattle, Aug. 27-29, 1962.
dons of specific cases. An analytic approach was taken
and general closed-form results obtained for a variety Puoitshed In Bull. Amer. Phys. Soc., Series 11, v. 7:
of situations. The simplest approach, which has a 1477Liu?1'7, 1962.
broad range of application, involves use of Newtonian
flow concepts. The Newtcn-Busemann relation for sur- Experimental studies are underway on nonequiltbrium
face pressures is shown to give an accurate correction expansions of high-temperature gases from initial equi-for ambient-flow nonuaiformity on comparison with more- librium states. Here finite-rate deeimitation occurs In
accurute analytic solutions obtained, in the present work, contrast to the excitation of shock-wave flow. A
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supersonic nozzle is driven by a high-temperature shock 732
tube to explain steady expansions of millisecond duration
sufficient for pressure and spectroscopic measurements. Cornell AeronautIcal Lab.. Inc., Buffalo, N. Y.
Static-pressure distributions have been measured along
I,', wedge and conical nozzles for expansions of un- HYPEIMONIC LOW-DENSTY STUDIES OF BLUNT
dissociated N2 from 4000*K and 50 atm pressure, and AND SLENDER BODIES, by R. J. Vidal and C. E.
expansions of dissociated H2 plus 92% Ar from 6000'K Wittliff. [1962] [691p. tynl. tllus. diagrsa. refs. (A)IOOR-

3699) (Sponsored jointly by Aeronautical Research Lob.;
and 27 to 130 atm. Corrected for wall boundary layer, and Air Force Office of Scientific Research under
static pressures show consistent reduction from equi- AF 49(638)952) Unclassified
librium values attributed to freezing of N2 vibration and
H2 dissociation, respectively. H recombination rates Low density experimental data obtained with blunt axi-
deduced are in order-of-magnitude agreement with symmetric and 2-dimensional bodies, and with a sharp
shock-wave dissociation results. N2 vibration freezing flat plate are presented and compared with existing the-

ories to define the transitions from the classical thin
ts further evlder,'ed by line-reversal temperatures boundary layer regimes to a flow situation approaching
measured along the wedge nozzle using chro•irum car- free-molecule flow. The results of the blunt body in-
bonyl as additive. Assuming line reversal gives vibra- vetiaone agree w e with on the ory d ntvestigations agree well with continuum theory down to
tional temperature, the latter becomes constant along the lowest test density, Knudsen number of about one.
the nozzle as vibration freezes on flow expansion. VI - The results of the sharp flat plate demonstrate that weak
brattonal relaxation rates deduced agree reasonably well Interaction theory is accurate through the transitioh to

with shock-wave excitation results, the strong interaction regime, establish limits on the

transition and on the extent of the strong interaction
731 regime, and Indicate that slip effects, as opposed to the

vorticity Interaction and shock wave heating effects,
Cornell Aeronautical Lab., Inc., Buffalo, N. Y. govern the departures from the strong interaction regime.

(Contractor's abstract)
SHOCK TUNNEL STUDIES OF HIGH-ENTHALPY
IONIZED AIRFWWS, by A. Q. Eschenroeder, J. W.
Dalber and others. July 1962, 72p. incl. illus. diagrs. 733
tables, refs. (Rept. no. AF-1500-A-1) (AFOSR-3025)
(AF 49(638)952) AD 283991 Unclassified Cornell Aeronautical Lab., Inc., Buffalo, N. Y.

The Cornell Aeronautical Lab. 6-ft shock tunnel is de- HYPEF4ONIC LOW DENSITY STUDIES OF BLUNT AND
scribed, the effects of nonequiltbrium flow in such a SLENDER BODIES, by R. J. Vidal and C. E. WIttliff.
device are assessed, and high-enthalpy experiments 11962] [36]p. Incl. illus. diagrs. tables, refs. (AFOSR-
involving nozzle Ionization are discussed. The shocif J1047) (Sponsored jointly by Aeronautical Research
tunnel utilizes heated high-press ire hydrogen for a Lab.; and Air Force Office of Scientific Research under
driver gas to obtain hypersonic .rflows at high tempera- AF 49(638)952) Unclassified
tures and pressures. Refleted shock operation is used
with the tailored-interface technique to maximize the Also published In Rarefied Gas Dynamics; Proc. Third
duration of steady flow. A significant portion of re-entry Interoat'l. Symposium, Paris (France) (June 1962),
flight conditions can be duplicated for various hypersonic New York, Academic Pres,, Suppl. 2. v. 2: 343-378,
vehicles; however, partial simulation may be used to 1963. (AFOSR-5310)
cover a far wider range of velocity and altitude. A gen-
eral numerical code has been developed for an IBM 704 For abstract see item no. 732, Vol. VI.
computer to solve quasi-one-dimensional flows with
coupled rate processes. Such theoretical studies are
essential for planning and interpreting experiments in 734
high- temperature tunel flows. Solutions have been ob-
tained for airflows with atoms, molecules, electrons, Cornell U., Ithaca, N. Y.
and ions reacting simultaneously. Invesigations of vari-
ous ion kinetic mechanisms have shown that processes X NOTE ON REIGIOUS GROUP DIFFERENCES IN
such as charge transfer, impact ioniz-ti n and mutual INTERACTION PHOFILES: A REPUCATION STUDY, by
neutralization may play significant jules wider certain B. Crowther. [1962 [6]p. Incl. table. (AFOSR-2081)
conditions of hypersonic flow in shock tunnels and about (In cooperation with Wisconsin U., Madison, AF AFOSR-
blunt bodies in flight. Preliminary experiments carried 62-161 (AF ATOSR-61-30) Unclassified
out in the shock tunnel have dealt with nonequilibrium
ionization. Phase shift of microwaves pissed through Also Psychol. eps., v. 0: 459-464,
the airflow in the tunnel nozzle has yielded information Apr. 1967
on deionization kinetics and on the duratioi of useful test
flow. Critical frequencies far below the mixcrowave band This report presents a replication of Stimson's research
are indicated for the gas over the entire range of condi- (1960), which demonstrated several differences among
tions. These experiments have shown that flows of high religious group members (a) in their interaction rates
enthalpy can be generated by shock tunnels for the de- as measured by a revision of Bales' Interaction Process
tailed study of the ionized shock layer on a hypersonic Analysts and (b) in their peer and self rankings. Several
vehicle. (Contractor's abstract, modified) differences in the procedures of the 2 studies should be

noted. Three major religious groups were defined in
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the Lurrent study, but only 2 g-oups (Protestants and Two new experimental techniques were developed whtch
Jews) were large epough for meaningful comparisons, made it possible to measure electrical properties at
Stimson defined 7 different ethnic- religious groups in elevated temperatures or under high hydrostatic pres-
his study. In addition, information was gathered on sures. A device which enables the measurement of con-
several variables not mentioned in Stimson's report. ductivity of Hall constant at temperatures above 600'C
While only one of the differences reported here achieved was developed. Pressure vessels were constructed to
statistical significance, in general the findings are in measure resistivity under hydrostatic pressures up to
accord with Stimson's, who found that Jews tended to 30,000 atoms and temperatures above 100*C. The
have the highest rate of interaction and were seen and properties of BI2 Te3 were studied as a function of pres-
saw themselves as high in rankings of assertiveness. sure and alloy composition. For the alloy study, systems
Their self perceptions of sociability and emotionality sur e and alloy were hosen so
were not in accord with peer assessments; they tended of Bi2 Te3 -8 2 Te3 and Bi2 Te3 -Bi 2 Se3 were chosen so
to rank themselves high on sociability and low on emotion- that systematic substitution at different layerb of the
allty, while others ranked them low and high, respec- Bi 2 Te3 structure was obtained. The properties observed
tively. Catholics and Protestants tended to be low on show strong correlation wltn the antsoL-oplc layer struc-
rate of interaction and higher than Jews on social ac- ture of this system. (Contractor's abstract)
knowledgment. Catholics were high in acts of self anal-
ysis. Protestants on the other hand, had low interaction
rates In most of the categories. Stimson described 737
Protestants as being reserved and contributing relatively
little to the interaction. (Contractor's abstract) Cornell U. Center for Radlophysics and Space Research,

Ithaca, N. Y.

735 HYDROGEN NEAR THE MOON. by I. J. Gould. Apr.
1962, 6p. (Rept. no. CRSR 114) (AFOSR-2567) (Spon-

Cornell U. [Center for Radiophys-ics and Space Research] sored jointly by Air Force Office of Scientific Research
Ithaca, N. Y. under [AF 49(638)9151 and National Aeronautics and

Space Administration) AD 276448 UnclassifiedPIKIPERTIES OF Bi2 Te3 - Sb2 Te3 ALLOYS, by M. J.

Smith, R. J. Knight, and C. W. Spencer. [1962] [20]p. Relative to the detection of hydrogen in the temporary
incl. diagrs. tables, refs. (AFOSR-2479) (AF 49(638)- atmosphere of the moon, it is important to know whether
480) AD 295867 Unclassified the re-evaporated gas will be In molecular or atomic

form. The most favorable case for molecule formation,
Also published in Jour. 4fpl. Phys., v. 33: 2186-2190, namely, that in which the hydrogen atoms diffuse ran-
July 1952. domly is considered. The other possibility is that the

incoming protons produce a crack and diffuse back out
The phase diagram for the Bi 2 Te3 -Sb 2 Te3 pseudo- along this crack.: It is concluded that molecule formation

would be a minor process and the majority of outgoingbinary system is of the solid- solution type, where the hdoe ol ev h ufc ttemlvlct n
distribution coefficient k is equal to unity at 33 1 i n.! hydrogen would leave the surface at thermal velocity and
66.7 mol % Sb2 Te3 . The c lattice parameter rn.is in atomic form.

essentially constant across the diagram at 30 ig . for
both slowly crystillized and quenched alloys. For 738
quenched alloys the a lattice parameter decrease q almost
linearly, from a valje of 4.48A, for pure Bi 2 Te3 , to a Cornell U. Center for Hadiophysics and Space Research,
value of 4.275A, for pure 82Tei3 ; howeve-, a significant Ithaca, N. Y,

contraction from linear variation is found In slowly crys- THEORETICAL RESEARCH IN ASTROPHYSICS, by T.
tallized materials. EG diminishes in an essentially Gold. Final rept June 1, 1960-Mar. 31, 1962.
linear fashion from 0. 16 ev, for pure Bi2 Te3 , to 0.12 ev Apr. 30, 1962, 5p. (Rept. no. CRSR 118) (AFOSR-
at 24.2 mol % Sb2 Te3 in both slowly crystaUlzed and 2589) (AF 49(638)915) Unclassified

quenched materials. EG remains approximately constant The work accomplished during the contract period
from 24.2 to 66.7 mol % Sb2Te3 for slowly crystallized covered by this report is briefly described and publica-
materials but continues to drop for quenched materials, tions resulting from the studies, covering various
(Contractor's abstract) phases of astrophysics, are cited. The topics discussed

Ilclude: (1) the abundance of molecular hydrogen in the
7plaxy; (2) the hydrogen atmosphere of the moon; (3) the

736 Interaction ol a tenuous plasma with an antenna; (4) in-
frared astronomy; (5) plasma and magnetic fields in theCornell U. [Center for Radiophysics and Space Research] solar system; (6) magnetic effects of geomagnetically

Ithlaca, N. Y. trapped particles; (7) general relativity; and (8) dynamics
of grains.EFFECT OF CRYSTALLINE IMPERFECTIONS UPON

THE ELECTIUCAL PROPERTIES OF SEMICONDUCTING
INTKI•RETALUC COMPOUNDS, by C. W. Spencer.
Fhtl rept. Oct 15, 1962, 4p. tnceL table. (AFO8R-
4007) (AF 49(638)480) AD 289056 Unclassified
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739 can be a- •.•i:ated by a Maxwell densitty distribution
with'only a small error. (Contractor's abstract)

Cornell U. Center for Hadiophysics and Space Research,
Ithaca, N. Y.

741
DUST, RADIATION PRESSURE AND STAR FORMATION,
by M. Harwit. May 1962, 24p. incl. refs. (Rept. no. Cornell U. [Canter for Radiophysics and Space Research]
CRSR 119) (AIOSR-2590) (AF 49(638)915) AD 276449 tthaca, N. Y.

Unclassified
MAGNETIC EFFECTS OF GEOMAGNETICALLY

Also published In Astrophys. Jour., v. 130: 832-843, TRAPPED PARTICLES, by M. L. Dwarkin. Mbay 1962,
Nov. f§9 41p. Incl. diagrs. tables, refs. (Rept. no. CMR 117)

(AFOSR-3003) (AF 49(638)915 AD 278650
Spitzer (Astrophys. Jour., v. 94: 232, 1941) has shown Unclassified
that radiation can produce inverse square law attractive
forces between absorbing Interstellar grains. Whipple Analysis and calrulattivns of the fields at the surface of
(Astrophys. Jour., v. 104: 1, 1946) and Savdoff (Gas the earth due to narrow belts of trapped particles pro-
Dynamics of Cosmic Clouds, North Holland Publ. Co., vide a basis for discussing some magnetic effects of
Amsterdam, p. 218, 1955) examined whether these geomagnetically trapped particles. The assumption that
forces could cause dust to -'v through ambient gas and the particles are trapped in a centered dipole field
form dense clouds from which stars would forn'. guarantees the symmetry of magnetic sources about the
Savedoff concluded that appreciable concentration of dust geomagnetic equatorial plane as well as about the geo-
was not to bE expected and that radiative effects would magnetic axis, and therefore the same symmetries oh-
be small partly because grains have a high albedo. The lain for the magnetic field at the suriace of the earth due
problem is here reexamined by considering (1) that insta- to the motion of the particles. Hence, only the field
bility analogous to gravitational instability can be pro- along an arbitrary meridian in one hemisphere ti con-
duced by radiation and (2) that in the neighborhood of hot sidered. The symmetries of the magnetic source sze
stars, grains are subjected to high intensity, near ultra- exactly those of sets of coaxial Helmholtz coils. (C't-
violet irradiation for which the albedo probably is low. tractor's abstract)
On this assumption the minimum mass of a cloud that be-
comes unstable at the center of an 0 association can be
estimated. It Is suggested that 0 clusters are formed In '142
this manner. The process is of comparable efficiency to
Oort's (ibid, p. 147) suggested compression by HIT regions Cornell U. Center for Radiophysics and Space Reseo rch,
and, moreover, does not entail partial destruction of the Ithaca, N. Y
cloud through ultraviolet ionization. Spitzer's radiative
attraction does not appear to play a role with the free ARECIBO IONOSPHERIC OBSERVATORY, b3 W. £4
radical grains described by Platt (Astrophys. Join., Gordon, L. M. LaLonde, and T. E. Tulpey. Sumnimr,
v. 123: 486, 1956), since these grains effectively scatter technical ept. no. 1, June 3), 1962, 15p. Ine. dlagr.
but do not absorb radiation. They may, however, be (Research rept. no. RS 41) (AFOSR-3,377) (AF 49-
subject to scattering pressures. A laboratory experiment (638).156) AD 291652 Unclassified
to detect the radiative Instability is proposed. It Is
shown that, near hot stars, radiation pressures can ac- The objectives of the project are as follwS: (1) to ments-
celerate clouds to speeds comparable to the velocity of ure certain parameters of the ionosphre (total recel ved
interstellar clouds and members of stellar association. intensity, frequency spectrum of the main signal coumpo-
Ratitation pressures could also account for outflows of nent, detect and measure the plasma lines, detect aud
gas from galactic nuclei. (Contractor's abstract) measure the -hybrid resonance- lines, and at lower

heights measure the distribution of total irtenstties of
the signal from a single pulse); (2) study and measure

740 certain pa.-ameters of lunar, planetary, and solar echoes;
(3) survey radio sources, radio emissions and flare star

Cornell U. Center for Radlophysics.and Space Research, radiation at 430 mc/sec; (4) make measurements at 20
Ithaca, N. Y. and 1420 mcisec; (5) conduct tei is on and use a large

vertical horn antenna; and (6) in. tall a high-powered
PLASMA SHEATHS AND THEIR EFFECTS ON tra •..tter for ionospheric scatter observations.
ANTENNAS, by S. J. Peale. May 1962, 63p. incl.
diagrs. r 'a. (Rept. no. CRSR 116) (AFOSR-2960)
(AF 49(63d)915) AD 278683 Unclassified 743

It is shown that the lack of conservation of partcles Cornell U. Center for Radiophyacs and Space Research,
does not allow the establishment of Maxwell density dis- Ithaca, N. Y.
tributlon for either electrons or Ions In a plasma sheath.
However, it is seen that even In this steady state case ARECIBO IONOSPHERIC OBSERVATORY, by W. E.
the electrons absume a distribution that is almost Gordon, L. M. LaLonde and -thers. Summary technical
Maxwellian. Thus, in situations where a finite body is rept. no. 2, Dec. 31, 1962, 30p. incl. Illus. diagrs.
moving at a velocity comparable to ion thermal velocities. (Research rept- no. 1P 44) (AF 49(638)1156)
the ion density will be approximately constant and equal AD 297354 Unclassified
to that 'In the undisturbed plasma, while the electrons
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A summary of the research conducted to date ts pre- Gould and M. Harwit. Aug. 31, 1962 [4]p. Incl. table,
sented. Research at the Arecibo aite has centered on refs. (AFOSR-J370) (AF AFOSR-62-191)
tests with the horm antenna, radar observations of the AT) 403582 Unclassified
moon, and the development of a 40 mc/sec radar. Ex-
periments concerning a model ionosphere for density Also published In Astrophys. Jour., v. 137: 694-697,
, id Faraday retation measurements arc being conducted Feb."'-•fW -
.n Itestes, as are a wide variety of plasma physics
studies. The reflection of radio waves from the sun and Stellar radiation excites hydrogen molecules into ex-
lunar echoes are also being studied, cited electronic states. These molecules then revert

to the ground electronic state and can be left in an ex-
cited vibrational state. Radiation emitted in the transa-

744 tion from these excited states down to the ground vibra-
tional etate produces lines at 2.1 ,i and 2. 22u which are

Cornell U. Center for Radiophysics and Space Research, observable through the earth's atmosphere. A calculation
Ithaca, N. Y. of the expected flux recetved at the earth's surface in

these lines suggests that conventional infrared detectors
DENSTY FLUCTUATIONS IN A NONEQUILIBIUUM should be capable of detecting suces radiation from bright
PLASMA, b7 E. E. S•tijeter. [1962] [131p. incl. refs. emission nebulae, thus enabling !he IL2 density in these
(AF 49(638)1156) Unclassified regions to be determined.

Published in Jour. Geophys. Research, v, 68: 1321-
T33, -mar. 1, 1963. 747

A dilute ionized gas is considered, for which electron- Cornell U. Certer for Radiophysics and Space Research,
ton collisions can be neglected and which deviates from Ithaca, N. Y.
thermal equilibrium by having an ton temperature Tj
different from the electron !emptrature Te. These con- OIGINS OF THE ZODIACAL DUST CLOUD, by M.
ditions apply to the ionosphere in the F layer and above. Harwlt. [1962] [10i. lncl dlar. refs. (AVGR-J716)Methods are reviewed for treating statistical mechanics (AFAFOSR-62-191) AD 414129 Unclassified

at thermal equilibrium and the Boltzmann equation for Also publlshed in.,our. Geoptays. Research, v. 68:
geresal proelems. The electron- electron, electron- V71-218, Apr. 15, 1953.
iWn, and ion-ion pair imrrelation functions are derived for
gem'eral T,/Tt ,nd an arbitrary tlme-tndependent mag- The total intensity of light scattered by interplanetary
nedc field. The total cross sectior for scattering of an dust ,as usually been directly related to the dust mass
electromagnetic wave from such a gas is derived for lost because of the Poyntlng-Robertson effect. The
6,eneral Te/T,. The results are shown to agree with the scattered light intensity thus would appear to define a
integral of the theoretical frequency spectrum derived dust supply rate that must be maintained if the dust
previously by a number of authors. For long wavelength intensity is to remain constitnt This work suggests that
and Ti!Te -K I the cross section is proportional to Ti/Te. comets apparently cannot supply this quantity of dust to

the cloud, because radiative pressures prevent most ofThe sources oO error for an incorrct result stated by the comet debris and Its secondary collision fragments
Renau are explained. (Contractor's abstract) from entering closed orbits about the sun. More ob-

servations on the actual emission i'*q of very-short-
period comets may be needed before this can be con-

745 cluslvely established. It ts shown that asteroidal col-
lisions can provide sufficient debris, but the injectic-

Cornell U. [Cente" for Radlophysics :-ad Space Research] rate Is e-tremely variable because most of the debri,
Ithaca, N. Y. must be produced in very rare collisions between the

largest asteroids. It is concluded (bit no current theory
COSMIC RAYS AND THE INTERPIJ.NETARY MEDIUM, Is capable ot e.counting for a steady cloud. A possible
by T. Gold. [IC62 [3kp. Uic. diagrs. (AFOSR-3824) golution might be found in processes that would counter
(AF AFOSR-62-191) Unclassified in Poynting- Robeitson drag and permit grains to be long

lived. The present comet dust supply -ate might then be
Also published In Astronautics, v. 7: 43-45, Aug. IC62. adequate to account for a stationary cloud. An alternative

is a highly variable cloud, with dust produced in aster-
A discussion of the gas masses in interplanetary space, oidal collisions. The present epoch would then have to
of cosmic r-ys, and of hazards to manned space flitgts be one of unusually high dust density. (Contractor's
from solar flares is pre",ted. abstract)

746 748

Cornell U. Center for Radiophysics and Space Research, Cornell U. Dept. of Biochemistry, Ithaca N. Y.
Ithaca, N. Y.

FERMENTATION, by M. Gibts. [1962j [71p. incl. table,
rXPECTED NEAR INFRARED RADtATION FEVM refs. (AFOSR-345) (AF 49(618)798) Unclassified
INTERSTELLAR MOLECULAR IIYDE)GEN, by R. J.
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Also published in Physiology and Biochemistry of process of general algae physiology as related to the
lgae, ed. by Rt. A. Lewin. New YW.rk, AI-cademic Press, major topics of respiration is presented. The major

1962, p. 91-97. sections of respiration discussed are: (1) rate of respi-
ration, (2) respiratory quotient, (3) respiratory path-

For abstract see item no. 750, Vol. VI. waya, and (4) special aspects of algae respiration.

749 752

Cornell U. [Dept. of Biochemistryl Ithaca, N. Y. Cornell U. Dept. of Chemistry, Ithaca, N. Y.

THE BIOSYNTHESIS OF CAFFEINE IN THE COFFEE [INELASTIC MOLECULAR COLUSONS] by B. Widom.
PLANT, by L. Anderson and M. Gibbs. [19621 14]p. Interim final rept. July 2, 19C2, 2p. (AFOSR-2939)
incl. table, refs. (AFOSR-2208) (Sponsored jointly by (AF 18(603)111) AD 286410 Unclassified
Air Force Office of Scientific Research under AF 49-
(638)798, Atomic Energy Commission, and National The project was initiated to develop theories of inelastic
Science Foundation) Unclassified molecular collisions in gases. Two different kinds of

questions arose: (1) what are the cross-sections and
Also published in Jour. Biol. Chem., v. 237: 1941- transition probabilities for the individual vibrational
1944, June 1982. and rotational excitations which occur and (2) how are

the relaxation times and reaction rates related to the
It was concluded that the xanthine base of caffeine Is transition probabilities?
synthesized from the same precursors as are purines
in all of the other systems which have been studied. The
xanthine Is converted to 7 (or 3)-methylxanthine and, in 753
!urn, to theobromine and caffeine. The a-carbon atom
oi glycine, formaldehyde, formate, methanol, and the Cornell U. Dept. of Chemistry, Ithaca, N. Y.
methyl carbon atom of methlonine are active precursors
of the N-i1, N-3, or both methyl carbon atoms of caffeine. MAGNETIC RESONANCE STUDIES OF LITHIUM
Thp prtnAry effect of light is an enhancement of ptrine VANADIUM BRqONZE, by J. Gendell, R. M. Cotts, anM
ring formation. The methyl carbon atom of methionine M. J. Sienko. Jan. 16, 1962. 27p. incl. diagra. tableu,
is not a precursor of the ureLdo carbons of caffeine. refs. (AFOSR-1959) (AF 49(M38)191) AD 275086

Unclassified

750 Also published in Jour. Chem. Phys., v. 37: 220-225,
Jul -1TTI19.

Cornell U. Dept. of Biochemistry, Ithaca, N. Y,
The nuclear magnetic resonance of Li' in LiV 205

FERMENTATION, by M. Gibbs. [1962] 17jp. incl. shows no Knight shift, but ihere is a small diamagnetic
table, refs. (AFOSR-JI98) (AF 49(638)798) AD 400181 shift relative to LiCI solution, amounting to 0. 0023 and

Unclassified 0.0058% at 2960 and 77 IK, respectively. The spin-

Also published in Physiology and Biochemistry of Algae, lattice relamtion time Ti as measured by pulse experi-

ed. by R. A. Lew.n. New York, Academic Press, 1962, ments, decreases from 0.16 sec at 2961K to a minimum
p. 91-97. of 0.060 sec at 163'K and then rises to 0.13 sec at 77*K.The free-induction decay half-width decreases from 850

A synopsis of recent literature In algae fermentation is usec at 296'K to I00 usec at 77cK. The minimum in T1
g•,-en. The main concern is with rate of fermentation, is attributed to back-and-forth motion of the lithium ions
end-products of fermentation, fermentation inhibitors, within but normal to the axis of channels in the oxygen
pathway of fermentation and anaerobic growth. framewo.;- the line narrowing, to diffusion along the

channel from I unit cell tt in aJjacent oie. EPR ,itudles
give Lorentzian-shzped lines, centered at g = 1.96, of

751 intenpity proportional to li/T. Results are consistent
with a model in which lithium ato-.i, in a host V205

Cornell U. Dept. of Biochemistry, Ithaca, N. Y. structure are compietely ionized to give LiA Ions and
electrons which are almost, but not completely, localized

RESPIRATION, by M. Gibbs. [1962] '30jp. icl table,
refs. (AFOSR-JI99. (Spo•sored jointly by Air Force as V centers. (Contractor's abstract)
Offire of Scientific Research under AF 491638)798 and
National Science Foundation) AD 400180

Unclassified 754

Also vublished in Physiology and Biochemistry of Algae, Ctirnell U. Dept. of Chemistry, Ithaca, N. Y.
e-d•-b-'--'vn. New York, Academic Press, 1962,
p. 61-90. RESEARCH ON NEW SOLID STATE DEFECT STRUC-

TURES BASED ON W0 3 AND ON V20 5 , by M. J. Sienko.
An assembly and assessment of the voluminous and wide- Flnal rept. SerL 30, 1962, 12p. (AFOSR-3911) (AF 49-
spread publications concerned with the basic metabolism (638)191) AD 407150; AD 414435 Unclassifled
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The protect was Initiated to follow up the discovery that mass by the polaron mass) or by the intermediate
in the •Wegsten brone series (M.WO3, 0 x 1, M - uni- coupling theory of Lee, Low, and Pines. The model
valent metal) the copper tungsten hronses (M = Ca) be- has been extended successfully to caloulate the thermal
bayed as semiconductors whereas the alkali tugsto- and composition dependences of resttibity and Seebeck
bronzes were metallic. An excitation energy which coefficient for the cubic sodium tungsten bronzes.
might be a function of the tonizatioc potential of M i,
suggested along with the possibility that with appropriate
choice of U In W03 one might develop a series of mate- 757
rials, based on the same host matrix which would repre-
sent a continuous gradation in properties from insulating Cornell U. Dept. of Chemistry, Ithaca, N. Y.
to n:etalllc. The problem dissolved into one of Cn
attempt to define the current tarriers in CuxWO3 , their ELECTEDN SPIN RESONANCE STUDY OF PARLIALLY

RED3UCED VANADIUM PEN'I0XIDE, by J. L. Ragle.
concentration, and their mobility at. A function of tempera- [1962] !Sip. incl. diagrs. table, refs. (AFOSR-JI556)
ture. (AF 49(638)191) AD 427402 Unclassified

755 Also published in Jour. Chem. Phys., v. 38: 2020-
2024, Apr. I5,S93.

Cornell U. Dept. of Chemistry, Ithaca, N. Y.

For abstract see item no. 758. Vol. VI.
ELECTIUCAL AND MAGNETIC PROPER71ES OF
POTASSUM TUNGSTEN BRONZE AND RUBIDIUM
-UNGSTEN BiONZE, by M. J. Stenko and S. M. 758
Morehouse. Sept. 1962 120]p. incl. 4lagrs. tables, refs.
(AFOOR-5003) (AF 49(638)191) AD 408532 Cornell U. Dept. of Chemistry, Ithaca, N. Y.

Uuclassifled
ELECTRON-SPIN RESONANCE STUDY OF PARTIALLY

Also published in Inorg. Chem., v. 2: 485-489, June REDUCED VANADIUM PEN'=IIDE, by J. L. Ifgle.
1963. Sept. ?, 1962, 21p. incl. diagrs. refs. (AF 49(638)191)

AD 406288 Unclassified
Single crystal condijctivlties have been measured for
K0 40 WO03 and M0.32WO3 In the rn'ge 1500 to 370-K. Published in Jour. Chem. Phys., v. 38: 2020-2024,

Carrier mobilities, which are somewhat higher than in Apr. 1763. (AFOSR-J1556: AD 427402)

the Li and Na tung2ten bronzes, closely follow a Single crystals of partially reduced vanadium pentoxide
T stWh (8/2T) dependence. Calculations on the basis of have been prepared in the form Cui,•V 2O5 with 0 < x<
the theory of Howarth and Sondheimer strongly support 0.040, and 2 distinct types of paramagnetic species have
the assumption that the thermal part of the carrier mo- been observed by ESR techniques. Neither of these
bility in the tungsten br-':nzes is primarily determined by species is associated with copper (II). For 0 < x < 0.0058,
polar scattering from optical mode lattice vibrations. the dominant speclea is 1 in which the electron is local-
Magnetic sus-ceptibilities, -also have been measured at ized, the hyperfine struzture indicating interaction with
room temperature for lft 026WO3 and K0.23-0.45WO3- 2 equivalent vanadium nuclei. This center Is apparently
Results are as predicted by the Pauli-Pelerls theory fur identical to that obsermable in ordinary laboratory reagent
quasi-free electrons. (Contractor's abstract) grades of vanadium pentoxide. In addition, for 0. 0078 <

x, the spectra show a supertmposed single nat'-ow line
of total width 10-20 G. The Z tensor of this species

756 show that it is still primarily associated with the vanadi-
um sites, but the lack of hyperfine structure iudicate,. z

Cornell U. Dept. of Chemistry, Ithaca, N. T. considerable mobility. The latter species is not ob-
served in pure vanadium pentoxide but is very similar

SOME BOLUD.STATE STUJDIES OF TUNGSTEN TI- to the mobile species observed in vanadium bronzes-
OXIDE AND THEIR SGNIFICANCE TO TUNGSTEN (Contractor". abstract)
BSONZ, THEORY, by B. L. Crowde, and M. J. Stenko.
[1962] [81p. incl. diagrs. tables, refs. (AFOSR-J3103)
(AF 49(6*,.,191) AD 420623 Unclassfted 759

Also published in Jour. Chem. Phys., v. 38: 1576- Cornell U. [Dept. of Chemistry] Ithaca. N. Y.

SPECIES IN CONCENTRATED AQUEOUS SOLUTIONS.
The Hall voltage, resistivity, and thermoelectric power by T. A. Plane. Final rept. Aug. 23, 1962, 5p.
have been measured on single crystals of tungstic oxide (AFCSR-3472) (AF 49(63S)2791 AD 284898)
(-, phase, 10' to 330°C). The electrical transport proper- Unclassified
ties can be explained quantitatively on the basis of a
shallow donor model (ED = 0.04 et) in which carrier A discussion is presented of data obtained from Raman
mobility is limited primarily by polar scattering from spectroscopy, and a range of topics important for the
optical mode lattice vlbratiors. The interacticn between characterization of the molecular species present in con-
electron and phonon is described by the perturbAtion centrated aqueous solutions including complex ions. hy-
theory of Howarth and Sondhelmer (replacing the effective drated ions, and low mole-alar weight inorganic polymerF
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760 7,32

Cornell U. Dept. of Chemistry, Ithaca, N. Y. Cornell U. [Dept. of Chemistry] Ithaca, N. Y.

A RAMAN STUDY OF GALLIUM BROMIDE 9OLUTIONS, ANALYTICAL APPLICATIONS OF FLAMF PZCTFADS-
by J. Nixon and R. A. Plane. [19621141p. hi.cl. diagrs. COPY, by W. D. Cooke. Final rept. j: 2621 3p.
tables, refs. (AFOSR-64-1402) (AF 49(638)279) (AFOSR-4307) (AF 49(638)484) Unclarsifted
AD 444453 Unclaassfied For the first time atomic emission intensities %, spec-
Also published iv Jour. Amer. Chem. Soc., v. 84: t-al lines have been pedicted from flam" -- vces A
4'-TW- 5, 1962. quantitative explanation of the role of organmc solvents

in the enhancement of atomic emissio is offert- Re-
Raman spectral intensity measurements were made for search was also undertaken to investigate chemi•-excita-
gallium bromide solutions which contained various ratios lion processes in flames. It was shown that tin atoma
of these 2 Ions. The only spectrum evident was that of are net in thermal equilibrium In a flame and that this
the tetrahedral GaBr ions. The frequencies, depolariz- fact is the cause of the abnormally high line Intensities.
anton ratios and intentities relative to Y, of this species
"were found. From Raman Intenslties, the concentration 763
of GaBr 4 - in a variety of solutions a- temperatures up to
95 was found and used to evaluate the thermodynamics Cornell U. [Dept. of Chemistry] Ithaca, N. Y.
parameters for its formation In compobation. The
enthalpy and entropy values were found to be Independent EXCITATION PIROCESSES IN FLAME SPECTROMETRY,
of temperature but varied somewhat with solutton compo- by J. H. Gibbon, W. E. L. Grossman, and W. D. Cooke.
sition. At an ionic strength of 10M, the enthalpy of forma- [1962] [121p. incl. diag-s. refs. (AFOSR-J584) (AF 49-
tion was found to be +9.5 kcal/mol and the entropy 12.5 (638)484) AD 415210 Unclassified
calomol-degree. Because of partial cancellation of the
ivnic strength, changes of entropy and enthalpy the Also published in Anal. Chem., v. 35: 266-267, Mar.
association equilibrium quotient was reasonably constant. 1963.
At 25*, the average value for the log of the association
quotient was determined to be -4.3. Finally, the entropy Experimental procedures have been devised through
of hydration of GaBr - was evaluated as -63 cal -nol- which It is possible to understand quantitatively some of
degree. (Contractor's abstract, modified) the fundamental processes of flame spectrometry, The

effect of various parameters Involved in the enhancement
761 of emission by organic solvents can be evaluated quantita-

tively. In the case of sodium and calcium, the entence-
Cornell U. Dept. of Chemistry, Ithaca, N. Y. ment is caused partially by more rapid evaporation of

solvent and partially by an increase in flame tempera-
RAMAN SPECTRA OF AQUEOUS SOLUTIONS OF ture. In the case of tin, a further contribution of chemi-
INDIUM SULFATE, NITRATE, AND PERCHLORATE, by luminescence Is noted. By flume temperature measure-
R. E. Hester, R. A. Plane, and G. E. Walrafen. Aug. ments, population dstributions and ground state concen-
1962, 2p. inc!. tables, refs. (AFOSR-64-1403) -atoflns, It is possible to predict flame emissivity to a
(AF 49(638)279) AD 444954 Unclassified few per cent. The rate of solvent evaporation, oxide for-

mation, and flame dilution effects are discussed in rela-
Also published in Jour. Chem. Phys.. v. 38: 249-250, tion to their effect on emission. Some possible mecLa-
Jan. 1, 1963. nisms for the excitation of tin by collisions with free

radicals are discussed. (Contractor's abstract)
For a series of metal-ton sulfate solutions investigated,

only in 3 showed Raman spectral evidence of association
with SO4 . The evidence consisted of the appeartnce in Cornell U. Dept. of Caemlstry, Ithaca, N. Y.
;ndium sulfate solutions of 4 new polarized lines in the
Raman spectrum. Raman intensity data, particularly EVIDENCE FOR THE FORMATION OF IPHENYL BY
in mixed indium sulf¢ate-indium perchlorate solutions, INTRAMOLECULAR DMEW•IZATION IN THE ELECTRO-
verified the new species as an indium-s ulfate complex; OXIDATION OF TETRAPHENYLBORATE ION, by D. H.
however, these data did not permit a decision between Geske. [1962] [lIp. IncL diagr. (AFOSR-2526)

the presence of InSO4+, In(S04 )2 -, or a mixture of the (AF AFOSR-61-18) Unclassified

two. The fact that the 255 cm"I line was found to be A Jour. Phys. Chem., v. 66: 1743-

highly polarized suggested that a linear In(S04)2- species 174, Sept 1962.

might be of major importance. Finally, all indium solu- The electrodiddation of tetraphenylborate ion at a

tions, even those with CIO4 as the only anion, showed platinum electrode in acetonltrile has previously been
reported (Jour. Phys. Chem., v. 63: 1062-1070, july

a broad polarized band near 400 cm-1 which probably 1959). Further work has now been done which suggests
resulted from hydrated In3-. that the 2 phenyl radicals in the transition sate of oxi-

dized tetraphenylborate undergo Intramolecular dimer-
izatton. Acetonitrile solution mixtures of tetramethyl-
ammonium perdeuteriotetraphenylborate,
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(CH3) 4 -" 4 BC 6 Dd 4 . and ordinary tetramethylammoninia Published in Jour. Polymer Set., Part A. Y. 1: 255-
tetraphenylborate were electrolyzed- Mass spectral B.J~.n3
examination of the biphenyl coni~ounds produced showed The range of molecular forces and the critical tempera-
that only (C,%5)2 and (C6D5)2 were formed, a result con- We of polystyrene in ethyl- cycloheanie are calculated
sistent with the I'itramalecular dimerisatlon mechanism. frome measurements of the angular depenisnce of critical
It sasems entirely reasonable to reject the sugg~estion that opalescence. The polystyrene samples have molecular
there are certain electrode Aties on which the perdeuterlo- wetghtit ranging from 89,000 Wo552,000. The range of
tatraphenylborate ton oxidation occurs and other sites on molecular forces remains str1kingly small and Is com-
which ordinary tetraphenylborite ton oxidizes. The evi- parable with values obtained earlier on the system poly-
dence points unequivocally to the intramolecular dimerisa- styrene- cyclobexane.
lion mechanism as the correct one.
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Cornell U. Dept. of Chemistry, Ithaca, N. Y.
Cornell U. [Dept. of Chemistry] Ithaca, N. 1.

VI8CO)mTY OF CII TICAL MIXTURES, by P. Debye,
Cf17WCAL OPALESCENCE or BINARY i;QUI MIx- B. Chu, mnd D. Woermann. 11961]J [6]p. Incl. dlagrs.
TURES: METHANOL-CYCWOHEXANE; ANIUNE- tablest, refs. (Sponsored jontly by Air Force Office of
C'YCWIEMXA.NE. by P. Debye, B. Chu, and H. Kcaufmann Scientific Researci. under [AF AFOSR-02-121, Office of
S196211[41p. Lcdl. tables, refs. (AFOSR-3791) Naval Research, and National Science FouWidortl)
AF AFOSR- 62-12) Unclassified Unclassified

Also pjUblihed in Jour, Chem, Phys., v. 36: 3378-3381, Publan "in jour. Polymer Sci., Part A, v. 1: 249-
June 15, 1962. 254, J&U. 1963.

For some liquid mixtures, anomalies in the coexistence Measurements of the viscosity of critical mixtures
curve have been observed. Experiments are reported on we-e extended to high polymer solutions (polystyrene-
the angular dissymmetry sf visible light as well as on cyclobexane). An anomaly is found in the temperature
the temperati e dependence of the zero-angle scattering coefficient of the viscosity. An empirical expression
for 31 liqulid mixtures. The mixture methanol-cyclo- for the viscosities of critical mixtures as a function of
hexane behaves norma~lly, tt'e other, anlline-c)clohexane, AT/Tc, where AT = T - Tc, avi Tc is the critics' tern-
shows anomalies. (Contractor a abstract) perature, is derived.

766 769

Cornell U. Dept. of Chemistry, Ithaca, N. Y. Cornell U. Dept. of Engineering Physics, Ithaca, N. Y.

MOLECULAR CONFTIGURAlION O'F POLYSTYRENE THE OXIDA71ON OF COPPER ENGLE CRYSTALS, by
IN BENZENE, by P. Debye, B. Chu, and H. Kaufmann- E. Yoda and S. M. Stegel. 11962] [2)p. (AK)SR-3389)
Jazly 24, 1962, 8p. tact. diagrs. tables. (AFOSR-JUEO) (Sponsored jointly by Advanced Research Projects
(AF AFOSR-62-12) AD 416383 Unclassified Agency-, and Air Force Office of Scientific Research

shedin our Poyme Set, Prt , v 1~under AF AFOSR-62-7) AD 4V7649 Unclassified
Alo1uls 63InJu. Polyer et.,Par A, . 1

M7-2314, uly 963,Also published in Electron Microscopy, Fifth Internat'l.
Cong., Philadephia, Pa. (Aug. 29-Sept. 5, 1962), New

The particle sccttering facior P(8) wilh Gaussian statis- York, Academic Press, v. 1: c-e, 1962. (AFt)SR-Itics for polydIspei-;vd eystems has been treated. For a 3384)
polystyrene sample witth a sharp molecular~ weight distri-
button (IV--U < 1.02, Mw =1.5 x 106), the measured Vh. oxidation of Cu single crystals at low partial prean-

sures of oxygen has been !nvestigated by direct obizerva-
aglrdependence of scattered intensity Indicates that tion of LL-e changing reflection electron diffraction pat-

the polymer coil 'toes obey Gaussian statistics. This terns during the re ction. Changes in tie integrattd
holds for a range of concentrations provided the variation intensities of Kikuchi lines and diffracted spots from the
of the constant representing the radius of gyration with different phases have been followed and related to the
concentration is Adjusted, kinetics of the reactioni. The model for the mnechanism

of nucleation and gro :i of the oxide phase ha been
taken from observations made by electron microscoy

767 through replication of the o~ddia~ed single crystals. The
electron micrographs of the repl'cated surfaces showed

Cornell U. Dept. of Chemistry, Ithaca. N. Y_ widely spaced, isolated crystallites, leaving larg areas
between the crystallites apparently unchanged or only

CIUXICAL OPALESCENCE OF POLYSTYRENE IN slightly rougher than the original surface. The crystal-
ETHYLCYCWOHEXANE, by P. V.ebye, D. Woermann, lites are interpreted to be the Cu20 phase. Electron
and B. Chu. 11961] [51p. inc. dlag. table,.ifato atrstk. a aiu tgso xdto
(AF AFOSR-62-12) Unclassifieddifatopatrstk..a rcusagsfoxain
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gave spot patterns for the Cu2 O with a preferred orienta- 772
tion of the crystallites In which the [100] of the oxide was
parallel to the (1001 of the Cu single crystal. The elec- Cornell U. [Dept. of Mathematics] Ithaca. N. Y.
tiron diffraction pattern from the Cu crystals before ex-
posure to high temperature oxidation showed only well PMODUCTS OF INDECOMPOSABLE, APEIGODIC,
defined Kikuchi patterns with a few spots from Cu. After STOCHASTIC MATIUCES, by J. Wolfowits. [19621 [SIP.
exposure to oxygen, the KIikuchi pattern and spots frota [AF 49(638)226] Unclassified
the Cu were weak and 3ome strong spots corresponding
to the reflections from the Cu2 0 phase were observed. Presented at meeting of the Amer. Math. Soc. June 6,
When the same oxidized specimen was heated in a vacuum, 1962.
diffraction patterns showed increasing Intensity In the Cu
Kikuchi pattern as well as some Increase in the integrated Published In Proc. Amer. Math. Soc., v. 14: 733-737.
intensity In the Cu2 0 spots. Ot 190.

An n x n matrix P = to Is called stochastic Indecom-
770 posable aperiodic (SEA) if all p1 j 4 0, all •Ep1 j = 1 and

Cornell U. Dept. of Engineering Physics, Ithaca, N. Y. Q = liKra pn exists and has all rows equal. The

INTENSITY INCREASE OF KIKUCHI LINES DUMIUNG author proves that if A1 , ... , Ak are n x n matrices any
ELECTION BOMBARDMENT, by E. Yoda. 11961] [2]p. finite product of which (in any order) is SEA, then for
incl. diagr. (AFOSR-64-0380) [AF AFOSR-62-7] c- , 0 there is an integer v(c) such that n t v(e) implies
AD 433073 Unclassified that every product of n At's has rows which differ by at

Also ublished In Jour. AppL Phys., v. 33: 764-765, most e. Under certain conditions, infinitely many A1
Feb. 1962. may be considered. The result is related on one of

Sarymeakov but includes cases not treated In the latter.
The change of intensity profiles of Kikuchi lines obtained The author also discusses simplifying a method of
in reflection electron diffraction from freshly cleaved Thomasian for verifying the hypothesis of the theorem.
surzaces of NaCI were followed as a function of time of (Math. Rev. abstract)
exposure of the crystal to the electron beam. :he re-
duced data taken from microphotometer traces of photo-
graph'ic exposures gave values accurate to about ± 3%. 773
At first, there is a slight, but dcflnite. increase with
Ume. The Incremeut Is about 5% after 3 min of electron Cornell U. Dept. of Physics, Ithaca, N. Y.
bombardment with a beam density of 31u amp/cm 2 . The
intensity decreased rapidly after 3 nin at this exposure THEORY OF THE X-RAY ABSORPTION SPECTRUM OF
density. ARGON. by T. Watanabe. Apr. 10, 1962 [10)p. Incl.

diagrs. tables. (Research rept. no. 12) (AFOSR-2254)
(AF 49(638)402) AD 281731 Unclassified

771
The oscillator strengths of the Is - 4p and Is - 5p

Cornell U. Dept. of Engineering Physics, Ithaca, N. Y. x-ray transitions in atomic argon were calculated using
Hartree- Fock wavefunctions. It was assumed that (1) the

REDUCTION OF CONTAmINATION IN REFLECTION effect ef the ls-hole is to reduce electronic screening
ELECTFION DIFFRACTION, by E. Yoda and B. M. by unity so that the final orbital of the ejected electron
Siegel. [1961] [4p. incl. diagrs. (AFOSR-64-0381) is essentially that in a simply excited potassium atom,
[AF AFOSR-62-7J AD 433071 Unclassified (2) the remaining electrons retain essentially their re-

spective radial positions before and after production of
A!so published In Jour. Appl. Phys., v. 33: 1419- the Is-hole, and (3) the coupling between the ls-hole
I Aand the 4p or Sp electron Is small. The oscillator

strengths, based on the dipole moment expressions, were
The rate at which contamination forms or surfaces ex- found to be 0. 0016 for the *s - 4p and 0.00053 for the
posed to electron beams in reflection electron diffraction Is - 5p transitions, respectively. Experimental values,
has been tinvestigated for electropolished single :rystals viz, 0.0018 and 0.00057, are in good agreement. Al-
of copper and cleavage laces of alkali halide crystals by though the reality of assumptions made Is not clear In
observing the decrease of the intensity in the diffraction view of the very short life time of the K state of argon,
pattern. It was found that a cold chamber at liquid nitro- the agreement between the calculated and the expert-
gen temperatures surrounding the specimen reduces the mental values suggests some interesting speculations.
contamination rate on copper by an amount directly pro- (Contrctor's abstract)
portional to the solid angle through which the specimen is
exposed to the vacuum system, and at the-smallest aper-
ture, lowers the rate by as much as 2 orders of mag-
nitude. Color centers were produced in the alkali halide
crystals exposed to the electron beam. The resultant
imperfections In the crystal lattice apparently affected
the diffracti -i spot Intensity, making measurement of
contamin. rates by this method unsatisfactory.
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774 It is finally of some interest to note that this argon
spectrum resembles closely the spectra of Ci- and KI

Cornell U. DepL of Physics, Ithaca, N. Y. as observed in KCI.

SPUMIOUS SECTRAL EFFECTS AND AUGNMENT
P•CZDURS IN X-RAY SPECTIRMETRY, by H. W. 776

heoopper. Apr. 15, 1962, 82p. incl. diagrs. refs.
(Research rept. no. 13) (AFOSR-2418) (AF 49(638)402) Cornell U. [Dept. of Physics] Ithaca, N. Y.
AD V78811 Unclassified

K-SEIES VALENCE- EMISSON BAND OF CHLORINE
Preeted at meeting of the Amer. Phys. Soc., IN KCl- EFFECT OF EXCITATION ENERGY (Abstract),
Washington U., Seattle, Aug. 27-29, 1962. by it. D. Deslattes. [1962] [l1p. (Sponsored Jointly by

Advanced Research Projects Agency; Air Force Office
Abstract published in Bull Amer. Phys. Soc., Series of Scientific Research under [AF 49(618)402], and
H, v. 7: 504, Aug. 27, 1962. National Science Foundation) Unclassified

The spurious spectral effects of (1) vertical divergenc.- Presented at meeting of the Amer. Phys Soc.,
and (2) improper spectrometer alignment (crystals and Baltimore, Md., Mar. 26-29, 1962.
x-ray beam) are discussed. The distortions produced
in such spectral features, as Bragg angle, line shape, Published in Bull. Amer. Phys. Soc... Series It. v. 7:
width and asymmetry are illustrated both theoretically 27 -M"ar. 2C, 1962.
and eerimentally. A new method is described for
aligaing the crystals, which makes use of the non-dis- The spectral region near the K-series valence-emission
persive (1, -1) position, and which is independent of band of chlorine in solid KCI has been studied In fluor-
vertical divergence. Significant new conclusions of this escence with a variety of primary x-ray beams. Specift-
study are (1) the crystal alignment and the beam align- cally, the fluorescent spectrumwas e7cited by primary
ment must be treated separately and with equal care, radiation from the L series of Pd, Ag, and Sn and the
and (2) perfect crystal alignment cannot be conveniently K series of Ti. In this way, excess energies above the
achieved in the presence of vertical divergence. Quantlta- threshold for Cl K-series emission, ranging from ap-
tIve discussion is given of the spectra, distortions which proximately 1.5 !o 100 rydbergs, were employed. The
arise from vertical divergence even for perfect alignment spectra were a.-alyz,-d by means of a 2-crystal vacuum
of the crystals and of the x-ray beam. (Contractor's spectrometer. Intensities were measured by a flowing-
abstract) gas proportional counter driving conventional electro nic

circuitry. Two principal effects are reported. First,
775 the intenst- of the prominent, high-energy satellite Cx

relative to that of the main band decreased with de-
Cornell U. (Dept. of Physics] Ithaca, N Y. creasing excess energy in a fashion consistent with a

KM, initial state for this satellite transition. Second,

X9 EMISSION SPECTRUJM OF ARGON GAS (Abstract), the main band IKis varied ýn shape, its width and
by 1R. D. Deslattes. [19621 [lk• [AF 49(638)402] asymmetry increased with increasing excess energy.

Unclassified This suggests the presence of almost-degenerate satel-

Presented at meeting of the Amer. Phys. Soc., New lite transitions.

York, Jan. 24-27, 1962.
777

Published in Bull Amer. Phys. Soc., Series II, v. 7:
W Ta-n.24 1962. Cornell U. Dept. of Physics, Ithaca, N. Y.

Primary radiation from an x-ray tube with a tin target lIFETIME OF d-BAND HOLES IN InSb, by R. D.
operated at 3 kw was admitted to a cell containing argon Deslattes. [1962] [2]p. Incl. diagr. (Sponsored jointly
gas by means of a tin beryllium window. Fluorescent by Air Force Office of Scierntific Research under [AF 49-
radiation which left the cell through a second beryllium (638)402] and National Science Foundation)
wIr.dow was analyzed by a 2-crystal spectrometer accept- Unclassifled
lng 8 parallel beams of limited vertical divergence. In-
tenities were measured by means of a large flowing-gas Published in Phys. Rev., v. 129: 1511-1512, Feb. 15,
proportional counter. Data acquisition was carried out
by means of automatic devices and the !nformation stored
in punched tape for subsequent c.,mputer reduction. De- Profiles of the InL.-2 x-ray emission in metallic indium
tailed measurements are here reported of the K9 region an,5 in InSb bave been recorded by means of a vacuum
of the argon spectrum. In addtion to the already known 2-crystal instrument. According to the usual term
91,3 and e lines, a line which corresponds to '" in assignnmnts, the final state for this transition contains
neighboring elements, has been observed. It is also a hole i. the 4d band. With suitable assumptions regard-
clear from this data, but not from previous measurements, Ing both tW's state and the initial state, an approximate
that v is complex. The energy positions of the satellite measure of the decay width of the 4d hole is obtained.
lines of 8I,3 are consistent with those which would arise
from single photon production of double initial vacancies.

• 174 <



AIR FORCE SCIENTIFIC RESEARCH

778 strengths of s - ,4p and Is - 5p x-ray transitiona were
calculated. It was assumed that : (1) the offect of th

Cornell U. [Dept. of Physica] Ithaca, N. Y. Is hole Is imply to reduce electronic screeag by unity
so that the final state ts essent•ally that of the excited

MULTIPLE EXCITATION AND IONIZATION OF INNER potassium atom; (2) the remaining electrons retain
ATOMIC SHELI BY X- RAYS (Abstract), by H. W. essentially their respective radial positions upon prefte-
Schnopper and L. G. Parratt. [1962] [lip. [AF 49(638)- tion of the Is hole; and (3) the cowpling between the Is
402] Unclassified hole and an np electron is small. The oscillator strengths,

based on the dipole-moment evressions, were found to
Presented at meeting of the Amer. Phys. Soc., 0.0016 for the Is - 4p and 0.00153 for the Is - Sp trans-
Washington, D. C., Apr. 23-26, 1962. dions, respectively. Experimental values of these

strer.gths from the latest measurements of K x-ray ab-
Published in Bull. Amer. Phys. Soc., Series 11, v. 7: sorption spectra of argon are in good agreement with
•3 Apr. 23, 1962. these calculated values. This agreement is interpred

as supporting the validity of the assumptions made. T1e
Retpvestlgation of the argon-K absorption-edge region use of Hartree- Fock wavefunctions in further calculations
has revealed a new resonance-absorption structure of atomic systems having a Is-electron vacancy are en-
followed by a new continuum. These new features may couraged.
be interpreted as arising from double-electron-excitation
processes in which an M electron ar well as a K electron
takes part In the transitions. The first new resonance 781
line lies about 23 ev above the first line in the previously
observed single-electron excitaton- resonance structure. Cornell U. Graduate School of Aeronautical Engineering,
No additional resonance structure was found in the region Ithaca, N. Y.
zero to about 50 ev. The results of this experiment are
particularly interesting, since the physical system dealt A STUDY OF MAGNE 1PHYDRDDYNANIC INDUCTION
with is such a simple, theoretical case, viz, a monatomic DEVICES, by J. M. Lyons and D. L. Turcotte. Feb.
noninteracting atom; however, no significant theoretical 1962 [57]p. incL dlagrs. tables. (AFOSR-1864)
predictions of multiple excitation or Ionization of inner (AF 49(638)544) AD 272082 Unclassified
shells have yet been made.

The performance of a laminar-flow induction Pump
driven by a propagLting sinusoidal magnetic field Is in-

779 vestigated. It is assumed that the fluid is Incompressible
with scalar conductivity, that induced magnetic effects

Cornell U. [Dept. of Physics] Ithaca, N. Y. and the ratio of channel height to wave length are small,
and that the magnethydrodynaric interaction tI large.

PENNING PiCHARGE AS A SOURCE IN THE EXTREME No assumptions are made concerning the velocity profiles
ULTRAVIOLET, by R. D. Deslattes, T. J. Petersen, and no components of the mangetic fields are ngleeted.
Jr., and D. H. Tomboultan. [19621 [ ]p. incL Mlus. An invlscid solution containing the first-order perburb-
dlagrs. (Sponsored jointly by Air Force Office of Scien- lions due to Induced currents and fringing of the applied
tiflc Research under [AF 49(638)402] and Office of Naval magnetic field is obtained. Viscous effects are inveeti-
Research) Unclassified gated and found restricted to boundary layers along the

channel walls. Therefore, the inviscid results should
Published in Jour. Opt. Soc. Amer., v. 53: 302-304, be applicable to the inner core of a laminar-flow pump.
Feb. 093 It is concluded that the induced magnetic fields do not

affect the performance of the pump to first order. How-
A spectrographic survey, in the vacuum of ultraviolet, ever, the fringing of the magnetic field caused by separa-
of Penning discharges in hydrogen, helium, neon, argon tion of the pole pieces reducen the pump performance.
and krypton was carried out. The spectra show discreet The efficiency reduction Is of the same magnitude as the
lines In the wavelength range 160 to 720A and are quite laminar shin-friction loss. The relative reduction in
free from background continuum radiation, pressure head Is slightly greater than the reduction in

efficiency. (Contractor's abstract)

780
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Cornell U. [Dept. of Physics] Ithaca, N. Y.
Cornell U. Graduate School of Aeronautical Engineering,

X-RAY OSCILLATOR STRENGTHS OF THE Is --• n p Ithaca, N. Y.
TRANS1TIONS IN ARGON (Abstract), by T. Watanabe.
[1962] [lip. [AF 49(638)4021 Unclassified SOME ASPECTS OF MAGNE'IOHYDSODYNAMIC FOW

ABOUT A BLUNT BODY, by B. P. Leonard. June 19M
Presented at meeting of the Amer. Phys. Soc., [561p. incl. diagra. refs. (AFOVSR-2714) (AF 49(638)-
Washinf-ton, D. C., Ap4 . 23-26, 1962. 544) AD 281879 Unclassified

Published in BulL Amer. Phys. Soc., Series U1, v. 7: Electromagnetic body forces are nonconsrvative. The
339, Apr. 23, 1962. effects of such forces are studied here in the case of

inviscid incompressible flow about a blunt body. The
Witt llartree-Fock wavefunctions, the oscillator nonlinear simultaneous partial differential equations
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describing tee flo•" caa be solved tn various reL•mea In the experiments reported here, only weak disturbances
corresponding to certain values of 2 parameters: Rm, are considered. A theoretical relation for the height of
the magnetle Reynolds number, and A where A to the the disturbances is derived from the aealognus gas-
-I/2 power •e the A?•en number. For the case of small dynamic problem. The theory is in good agreement with
Rm, and small magnetic force coefficient, S, equations the measured values of the disturbance height. Tim sue-
can be derived which are linear and independent. These cess of these initial experiments indicates the possibility

Sare •ived for some particular unsteady flo,•s, and the of obtaining useful information on the containment prob--
r results show that, in these cases, vorticlty Is introduced lem by exploitation of the frse-surlace analogy. (Con-

in retch a way that tt is indeper.dient of time. The equations tractor's abstract)
Sare li•rtzed by using the velocity field of o1•Llnary hydro-
Sdynamics (OI•D) in the convective derivatives. Tt •s tee.h-

uiqtm is valid for all Rm provided either A or S is small. 785
For large l•m, it results in a solution showing a boundary-
layer character. Two remzlts are of interest. First, Corneli U. Graduate School of Aeronautical Engineering,
the appearance o• rite downstream non-diflt.tsive trail of Ithaca, N. Y.
vorflelty in/he small Rm, small S case. Secondly, the
fact thaifor all cases studied the region of significant STAGNATION POINT FLOW OF A VAIKABLE PRO-
current density is close te the body, and any wake.llke PERRY FLUID AT LOW REYNOLI• NUMBERS, by M.
effect is either highly diffusive (small Rm) or extremely Lenard. June 1962, 168p. Incl. dlagrs, tables. (AFOSR-
weak (large Rm). (Contractor's abstract) 2981) (AF 49(•8)544) AD 404488 Unclassified

Steady viscous, 2-dimenSlonal and axially symmetric
783 siagr.ation-point flows of a gas are considered for the

case when the Reynolds number is too low for the applica-
Cornell U. Graduate School of Aeronautical Engineering, bilit.• of the classical boundary-layer theory. It is

SIthaca, N.Y. assumed that the low-density gas is still a continuous
Sfluid, permitting the use of the Navier.Stokes and

THE Tti]SORY OF ALIGNED- FIELDS MAGNETOGAS- associated equations as the basis of the problem. The
DYNAMIC FLOWS, by A. 1• Seebass. June 1962, 85p. effects of low Reynolds number are determined by apply-
incl. diagrs, refs. (AFOSR-2715) (AF 49(6.18)544) lng an expansion procedure to the flutd•dynamical eqt•.-
AD 281880 Unclassified lions. (Contractor's abstract)

The tsentroptc tic*" of an ideal conductor in the presence
of a n:agnetic field is treated for the case of aligned fields. 786
Particular attention is paid to riot" regimes where the
existing llnearir.ed theory fails because of a change in Cornell U. Graduate School of [Aeronautical] Engineering,
character of the gQverning equations. The vquations for Ih•aca, N. Y.
the street. Junction and a new potential function are de-
ri•.ed, and the beh•'l•r of their characteristics deter- [THEORETICAL AND EXPERIMENTAL IlTCEST[GAT[ONS
mined. These equations are then •rans•ormed to bodograph IN HIGH SPEED AEIqDDYNAMICSJ by W. R. Sears.
variables, in which they become linear. Several exact Final rept. Nov. 1, 19S9.May 1, 19•2. Sept. 24, 1962,
solut:c•s are considered in detail. Separ'ztlon of laria- 6p. (AFOSR-3710) (AF 49(638)544) Unclassified
bles :'t these hodegraph equations results in a complicated
differential equation, which is discussed briefly. Finally, The results of the reEcarch carried out during the period
the approximate equations appropriate to each traneitiov of this project are summarized under the following head-
are derived, and simple solutions exhibiting these transi- lngs: let-flap theory, unsteady boundary-lsyer flow;
.•i•ns are g•ven= (Contractor's abstract) ga•lynamlcs with chemical effects; hypersonic flow,

rarefied-gas dynamics: plasma dynamics; and magneto-
flutddyn.'tmics. A ll•t of 25 reports and publications re-

784 suiting from the research is included.

Cornell U. Graduate School of Aeronautical Engt:•eertng,
Ithaca, N.Y. 787

AN EXPEI•MENTAL STUDY OF THE SURFACE WAVES Cornell U. Graduate School of Aeronautical Engineering,
GENERATED BY A TIME VARYING MAGNETIC HELD. Ithaca, N. Y.
Master's thesis, by G. C. Light. Feb. 196• [.,•p. incl.
illus, dlagrs. (AFOSR-2956) (AF 49(638)544) A PEI•OIXC BOUN'DAR'/-LAYER FLOW IN MAGNETO-
AD 2'77712 Unclassified HYDBODYNAMICS, h:f D. L. Turrotte and J. M. Lyons.

[1962] [10]p. incl. diagrs. (A•C)SR-4245) (AF 49(638)-
Surface waves have been generated on a circular pool 544) Unclassified
of mercury by means of induced currents. A discharge
through a pair of coaf..al coils generates induced cur- Also published in Jour. Fluid Mech., v. 13: 519-528,
rents in the mercury; these currents in turn interact Aug. 1962.
with the currents in the coils to produce a force. The
geomctry constitutes the free-surface analogy of the cir. An attempt is made to so':ve a boundary-value problem
culsr pinch. The height of the free surface is analogous posed by induction electromagnetic pumps and generators.
to the density in an infinite column of compressible gas. Solutions •re obtained by an expansion technique and a

"- 176 <



AIR FORCE SCIENTIFIC RESEARCH

momentum method for the laminar, incompressible flow 789problem. For large values of the interaction parameter
(14 2 H1 /oue) viscous effects are shown to be restrict.-1 Cornell U. Graduate School of-Aeronautical Engineering,a e Ithaca, N. Y.
to periodic boundary layers. In regions of high-fieldstrength, a local Hartmann solution is valid. Where the STRUCTURE OF COLUSION- FREE MAGNEIOHYDR-.applied field is weak an inertial boundary layer Is present DYNAMIC WAVES, by T. A. Wilson. [1962] 15]p. Incl.which thickens in the upstream directior. A logical ex- diagrs. (AFOSR-J734) (AF 49(638)544) AD 414078planation of this phenomenon is given. The condition that Unclassifieda boundary-layer type flow exist is obtained and is shownto be In general satisfied. The results show that inviscid Also published in Phys. Fluids, v. 5: 1451-1455, Nov.theory may be used to calculate the overall performance 1962.
of electromagnetic pumps and generators while theboundary-layer theory developed here may be used to ob- Properties of the 2-fluid plasma equations which lead tolain the wall shear stress. (Contractor's abstract) a partial theoreticO model for the collislonless shock

wave are investigated. First, a nonlinear symmetric-
pulse solution to the 2-fluid equations f"or a cold colilsion-788 
less plasma is described. The propagation speed of the
pulse is between the Alfven speed and the fast-waveCornell U. Graduate School of Aeronautical Engineering, speed, and the pulse thickness is of the order ofIthaca, N. Y. 2 24
(mic /4ve N) ', except for geometries in which ;the waveELECTIUCAL RESISTANCE AND SHEATH POTENTIAL normal makes an ange of the order of (me/mi) or lessASSuOCATED WITH A COWD ELECTRODE, by D. L with the upstream magnetic field. An effective conduc-Turcotte and J. Gillespie. 11962) 171p. ic. diagr8 . tivity is then introduced in the equations of motion of therefs. (AFOSR-5121) (AF 49(638)544) AD 438558 plasma and a shock thickness is estimated. The calcu-Unclassified lated dependence of shock thickness on Mach number Is

Presented at Seventeenth annual meeting of the Amer. shown to agree with the available experimenta! data.Rocket SOc., Los Angeles, Calif.. Nov. 13-18, 1962. Finally, the growth of a sinusoldal pinch instability of acurrent-carrying plasma is shown to have the average
Also published in AIAA Jour.,. v. 1: 2293-2299, Oct. effect of a finite conductivity as was postulated. Con-A, 9 n u- Otractor's abstract)

The boundary-layer resistance and the difference in 790sheath potentials between a pair of electrodes have beenmeasured in a shock tube. Using a small, square elec- Cornell U. Graduate School of Aeronautical Engineering,trode and a strip electrode flush with the wall of the Ithaca, N. Y.
shock tube, the electric current that could be drawnacross the shock tube was measured as a function of the CURRW.NT-LAYER DIFFUSION IN A ONE-DtMENRONALshock wave position for several applied voltages and load PINCH, by T. J. E•lk and D. L. Turcotte. [19621 [5]p.resistances. All measurements were made in air at a incl. dlagrs. refs. (AFOSR-J735) (AF 49(638,544)shock speed of 4.35 mm/1 u sec and an initial pressure of AD 414120 UnclassifiedI mm Hg. In the range of applied voltages considered,the boundary-layer resistance was not a functiot of the Also published in Phys. Fluids, v. 5: 1288-1292, Oct.current level. The change in the sheath potential was of 1962.
the order of several volts. A cc -tinuum theory is de-veloped to predict the boundary-layer resistance for small Diffusion of the current layer at the surface of a com-current levels and the sheath potential. The sheath aolu- pressible electrically conducting gas in a 1-dimensionaltion is separated from the convective compressible pinch Is unalyzed in the limit of large time. Magneto-boundary-layer problem where ambipolar diffusion hydrodynamic equations including finite scalar electricaldominates. In the sheath, the transport equations for and thermal conductivities are used, and the degree oftons and electrons In an electric field are solved nu- ionization is taken to be constant. A parameter, whichmerically. Resulting Integrals for the dimensionless is proportional to the diffusion speed divided by the soundboundary-layer resistance and sheath potential are evalu- speed, is used to show that the inertia terms may beated, both in the sheath and in the compressible boundary discarded in large-time high-electrical-conductivitylayer, to obtain results that can be compared with experi- problems. Some numerical results for the temperature,ment. Values of the resistance obtair.ed assuming the velocity, and magnetic field within the current layer areionization reaction to be frozen, are not in agreement presented in terms of a similarity variable. In the caseswith experiment. Reasonable agreement between theory analyzed, the gas boundary is displaced from its Infiniteand experiment Is obtained for the magnitude of the sheath conductivity position by an amount which is of the orderpotential. (Contractor's abstract) of magnitude of the current- layer thickness. Comparison

of constant conductivity with temperature-dependent con-ductivity results shows that Joule heating at the gas
boundary improves confinement if the initial conductivities
are low.
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761 of1 a blown-flap, and also the penetration of a sharp-
edged gust. Justification is given for representation

Cornell U. Graduate Sebool of Aeronautical Entneerlng, of the jet, In the limit of high speed, small thickness,
Ithnas, N. Y. and constant momentum-flux strength, by a vortex sheet,

across which there is a pressure difference proportional
7= WIMTVNG-MOMENT COEFFICIENT OF A JET- to the momentum- flux strength and inversely proportional
FLAPPED THiN AI.VPI•L, by J. C. Erickson, Jr. to the local radius ef curvature of the jet. The dynamic
[1962i (I*. ill. table. (AFO6R-J736) (AF 49(638)544) and kinematic interaction of the main stream with the
AD 414145 Unclassified vortex sheets representing the airfoil and !et are shown

to be described by a coupled set of equations consisting
Ai Jour. Aerospace Scd., v. 29: 1489- of a third-order partial differential equation and a slngu-
Am, Dec. 196. hlar integral equation, along with appropriate boundary

conditions. The properties of these equplons and their
11see recently found the lift coefficient of a jet-flapped relationship to classical unsteady thin-a•,•foll theory and
Na alrfbiL To complete the results, the present note steady jet-flap theory are disaussed.
Outnm the calculation of analytic espressioss for the
plichhg-ugoment coefficients af such airfoile. These
expreasias agree well with the numerical results of 794
D. A. Opetce.

Cornell U. Graduate School of Aeronautical Engineering,
Ithaca. N. Y.

792
TRANSONIC FLOW OF A PERFECTLY CONDUCTING

Cornell U. Graduate School of Aeronautical Engineering, GAS WITH ALIGNED MAGNETIC FIELD, by K. Tamada.
Itfca, N. Y. [1962] 181p. incl. diagrs. (AFOSR-4247) (AF 49(638)-

674) Unclassified
A GENERAL TRANSFER-EQUATION APPROACH FOR
TN TRANSIION REGIME OF RAREHED-GAS FLOWS Also published in Phys. Fluids, v. 5: 871-878, Aug.
AN)D OME OF 121 APPLICATIONS, by S. F. Shen.
JIM] 130]p. IncL dagrs. table, refs. (AFOSR-J1045)
(AF 49(=8)544 and AF AROSR-62-201) Unclassified The 2-dimensional transonic flow of a perfectly conduct-

ing, inviscid, compressible fluid past thin body with
Also published in Rarefied Gas Dynamics, Proc. Third aligned magnetic field is studied by developing a small-
Interat'L Symposium, Parts (France) (June 1962), New perturbation theory in the hodograph plane. It is shown
York, Academic Press, 1963, Suppl. 2, v. 2: 112-131, that the equations of motion as well as the conditions for
1963. (ARO1R-5310) possible shock waves can be reduced to those of ordinary

flow by a suitable afflne- transformation. Thus, Von
For solving the boundory-value problem of the Boltzmann Karman's transonic similarity law is extended to the
equation at arbitrary Knudsen number, it Is proposed to present clase of magneto-gas-dynamic flow. In this ex-
use the transfer equations with approximate distribution tension, super-Alfvinic flows (flow speed larger than
functions that eihibtt the proper collision effects. Such Alfven wave speed) are found to he simila- ýo the corre-
a distribution function is deduced by an elementary anal- sponding ordinary flow, while sub-Alfvenic flows are
yest of the simpler Krook equation. It may be ieprded related to the orz'.nary flow with reversed flow direction.
as of the relaxation type, changing from the free-molecule The flow over a alf-wedge at Mach number I is con-
limit to the continuum limit exponentlally with the number sidered in detail. (Contractor's abstract)
of colltsons. Applications to the linearized plane and
cylindrical Couette flows are made. Though more
cumbersome than earlier, simpler approaches, the pres- 795
eat theory Is fundomentally more defensible and seems
to yield better details in the Knudsen layer. (Contracl Cornell U. Graduate School of Aeronautical Engineenng,
tor's abstract) Ithaca, N. Y.

FLOW OF A SLIGHTLY CONDUCTING FLUID PAST A
793 CIRCULAR CYLINDER WITH STRONG, ALIGNED MAG-

NETIC FIELD, by K. Tamada. [19621 [7]p. Ire.. diagrs.
Cornell U. Graduate School of Aeronautical Engineering, refs. (AFOSR-4248) (AF 49(638)674) Unclassified

Ithaca, N. Y.
Also published In Phys. Fluids, v. 5: 817-823, JulyA TBZORY POR UNBTEADY M0ORONS OF JET- ]-62.

FLAP ý) THIN AIRPOULB, by J. C. Erickson, Jr.
Bsept. .62. 2D00p. incl. refs. (AF 49(638)544) The induced magnetic field is neglected owing to the
AD 407504 Unclassified small conductivity of the fluid. The effect of the mag-

netic field upon the flow is also assumed to be so small
A linearised model for the incompressible, inviscid, that it can be treated as a perturbation. Thus, the first-
Irrotaticnal, and unsteady flow about a thin airfoil with order correction to the nonmagnetic potential flow is ob-
jet-flap is formulated. The unsteady problems con- tained by a simple perturbation technique. The solution
Adored are the transient and oscillatory deflection of indicates existence of a nondiffusive, vortical, velocitythe jet, plunging and pitching of the airfoil, deflection deficiency which extends indefinitely downstream of the
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cylinder. The flow field at great distances ts also re- 798
considered as a problem of singular perturbation. (Con-
tractor's abstract) Cornell U. Graduate School of Aeronautical EngneriWg

Ithaca, N. Y.

796 MECHANUM FOR VIBRA-,1ONAL RELAXATION AT
IIGH TEMPERATURES, by 8. H. Bauer and S. C.

Cornell U. Graduate School of Aeronaftical Engineering, Teang. Apr. 1962 [21]p. tncl. d&tgr. rate. (AIO$R-
Ithaca, N. Y. 2790) (AF 49(=38)716) AD 2744"7 Unclasefied

MAGNEIOGASDYNAMIC FLOWS WITH SHOCK WAVES, Also published in Phys. Fluids, v. 6: 182-189, Feb.
by N. Geffen. [1962j 151p. incl. diagrs. refs. [AF 49-
(638)674] Unc=assified

Attention is called to several mechanisms which effec-
Published in Phys. Fluids, v. 6: 56-571, Apr. 1963. tively couple translational and vtbratioral motons through

the intermediary of chemical reactions. It was proposed
A consistent small-perturbation theory for the aligned- that these prucesses lead to shorter relaxation times
fields, steady, mapetog tdyamic 2-dimestonil and than those expected from direct energy exchange via in-
axiymmetric flow of an inviscid conductor in the sonic, leastic collisions. Semiquantitative estimates wer made,
Alfvinic, and hypercritical regimes is developed, and and relan tion times for those different processes were
approximate shock relations derived by a simple method, compared as a function of the reciprocal temperaturen.
This results in nonlinear relatively simple systems of At high temperatures, it was proposed that t1w transfer
equations and shock relations for mixed flows around of energy from rotations to vibrations at approxinaty
bodies in the transition regimes. It is found that transonic constant total energy could be nduced by distant coli-
magnetogasdynamtc problems can be reduced to gaedy- saone. These serve only to balance the change in rota-
namtc ones; each gaedynamic transonic flow around a tional angular momentum. Such events provide altersate
given body implies an infinite number of magnetogaedy- paths for rapid vibraticaal relstion, particularly for
namic patterns around the same body for all values of the upper vibrational levels, and may account for the
Alfven numbers different from zero and one, and each of discrepancy between the observed and calculated rates
these, in uwn, yields another family of flows around of dissociation. (Contractor's abstract)
similar buies, according to a modified von Karirnn
similarity rule. The hypercritical and transonic systems
are mathematically similar and obey the same similarity 799
rule. An explicit correspondence between specific tran-
sonic and hypercritical flows does not exlst, but transonic Cornell U. Graduate School of Aeronautical Engineering,
arguments and methods can be used to infer qtalitative Ithaca, N. Y.
properties of hypercritical flows and to obtain exact solu-
tions of hypercritical flow patterns. (Contractor's RATE OF DECOMPOSIION OF AZOMETHANE IN A
abstract) S[H)CK ITUE, byG. Chiltl, C. F.Aten, Jr., a092.

H. Bauer. [1962] [17]p. incl. diars. tables, vifs.
(APOSR-3675) (AF 49(638)716) Unclassified

797
Also publUs--d In Joar. Phyr,. Chem., v. 66. 1426

Cornell U. Graduate S.-hool of Aeronautical Engineering, 1431, Aug. -O61.
WIaca, N. Y.

The prolysis of asomethane was studied in a shock tube
INVEST[GA7ION OF CONDENSATION PROCESSES over the temperature range 00" to 13001L Concentrm-
BEHIND NORMAL SHOCKS BY OPTICAL METHODS-A tions of the asomethane - 1-3 in argon were used. 7he
FEASIBILITY ANALYSIS, by Y. Ttmnat and S. IL rate of decomposition in the itrAdent shock region was
Bauer. Mar. 1962 [19]p. incl. diagra. tables, refs. followed spectrophotometricalhy at ) 338 am. It was
(AFOSR-2789) (AF 49(638)716) AD 27451S estimated that under ah.k co.Adtions the depletion of the

Vuclassified reactant via a chain mechanism was negligible compared
to that due to the tmlmolecular decomposition. Due to

The objective of this report is to analyze the conditions the exothermicity of the over-all reaction (products, N2
under which solid particles, formed in a shock tube by
thermal decomposition of selected compounds, may be and C2 H6 only av rage r." constants could be evaluated
detected and to propose experimental methods f.or deter- from the recorded .sctllos-cp, traces. Thae were
mining thr induction time for the initial condensation, fo',md to fall well - thin tbh Pi rapolations of the 2 most
the nut-jer of particles formed per unit volume, and recent low-ten p tirature ot-dos, based on a strict
their rate of growth. Examples of substances which are Arrhenltus teimpl'tre dependence. (Contractor's
proposed for expertment.l study are benzene, lead tetra- abstract)
ethyl, and chromium carbonyl. The principles of light
scattering by small particles are reviewed briefly In
Section I and their application to condensation problems
in a shock tube is dealt with In Seý.don [1. An analysis of
the second parameter to be measured is presented in
Section M!, and In the final section, specific proposals
far experiments are discussed, taking into account a few
order of magnitude results which have been obtained.
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Cornell U. Graduate School of Aeronautical Engineering, Cornell U. Lab, of Atomic and Solid State Physics,

[STUDIES WITH A SINGLE-PULSE SHO)CK TV-BL 1. THE INVES11GA71ON OF SOU1D SURFACES BY FIELD
LS- TRANlS ISOMEIUZAT[ON OF BUTENE-2. by A. EMISSION MICROSCOPY AND MASS SPECTROMETRY,

1,1abz neldSig. THaer teprtr and ge. covered J as w19C2 myI .Bade ftley Ficnals ofpt Fteb. 1, evaporatin,1
butene in argon tabes, usefs. (AFare wereX7I made. bManacr. Additional4p info .rmaiofws. (AObtaied o d

vPur-lshed chJoromatomraPhys. The 38r-ore rate23 The- tr hymisicon phfaenomenafomezirconiumetl anderometof

trapolatedhig Arrteniu courveon of 2n rectolnt lo-emeatr trctrs abstrct
studies.e An actiatio energy oxge an, rathere twenr2.

behind relecI taied wheksn a strightlinle Ishdrkwnube-o n ul pcfclyfrti ups.A netgto
twnoeen theshigh nd the lwtemperature ra ta. Toveed rate 803 ao h ehaim fsutrigvprto
coinstato 150Lainedicncnrainso = 1 1 %eand-6% of /theaddsrto fo oydnm.tnaupaiu

buten to agon wre usd. Anlyseswere n, Cranfed coppe. ofdieronauticsformathony Bucs]otie o lc
vpossibase sourcsofmerogrspy in e e flaingreat-orde rties con- Broeissot hnoeafo).oimanoeo
inthe obtinge-pulthse swok tueare slcustey (Con treac- isaly ihtefedeiso irsoe Cn
taoa renscuvso2reetlwtmeaue tator's abstract)THREIAANEPEINTLSUYO

studiSURACES bn A.iato enrg Smit and rahe ta 6Lb No8
twe1 1962 high. iand tus lowrs tablesur refa. TChe ratte0

Cnr stnel U. tairad is e School . x11 q -6 0 / T. Caft) ol of Aeronnaticl Engineering] Buckis) i
Possibe1VFUDDN sore ferosi valutnreactonWimeW(G Binn~rit.).ub'etoudrhyre

iTh nuerca solutions shoc thee paria discerentia (Conra-

AFA ANDR6-21 MASncANFERFRM ON40iedMA

Combustio. Corndael U., lila., ArN. Y.ci (Aug. n-ept.n UnFrac Pgssdgia ouer ehdlassibeen
1962), New York AcdmcPes,18,p.8782eeledtalyhi numerical solution othpaildfforeobtiaininga

MAGNETO- ~ ~ ~ ~ ~ ~ ~ srfc aLMDNMCNZL FOb .to nd fuidntempreraileturt-e frth bonase ofayrbitary

IL Stdesars .R reported and bot crss b-iedand aligned ditiuinofha lxa tesrae Smlae l

J ]-ieds L channl osý toacraine ref the and under Whet baenrobtimaedeutin for calulaip hea tr ý -2 andsfer overd

conditions ~ ~ ~ ~ ~ ~ ~ ~ ~ nmbr the varo, trn1in bende elipi adaftplewihabTrahet fluxid aretdeiod ofinrm

Als gypbol bhedvior cant beycrossed smoothly on stead wamsuse annd turb intfew.ationvericarthed thorutical

lowandwheher uchnozle ad dffuer fowsaresoutioe n, fludpermensperaue maeonwhc the caof ncentra-y

stable to propagating disturbances. Within the limits tion profiles cof the injected gas (carbon dioxide) at differ-
D1 various necessary approximations it is concluded ent stations were measured when the pipe had another
(1) thiat smooth transitions occur in steady flow provided gas (air) flowing turbulently through in the auial direction,
tOat choking at the speed of sound Is avoided by meeting and the gas Injected was passed through a porous section
necrissary design conditions, (2) thet the resulting nozzle of the tube wall. (Contractor's abstract)fIlzw2 are Qlable to sufficiently small1 disturbances,

(3) tEW aligned-field diffusers are unstable at the speed
of sound and may alst, be unstable at the Alfv~n speed, 804
and (4) that crossed- field diffusers arc generally unstable
at a criticall uupersonlc speed but may be stabilized by a Cranfleld Coll. of AeronaudIcs [Bletchley, Bucks]
divergence of area and the presence of a strong mag- (Gi. Brit.).
netic field. (0ontract')r's abstract)

THE CALCULATION OF WALL AND FLUID TEMPERA-
TURES FOR THE TN(X)MPRESSBLE TURBULENT
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BOUNDARY LAIER. WITH ARBITRARY DISTMRBUION boundary-layer velocity law was assumed, and the
OF WALL HEAT FLUX, by A. G. Smith and V. L. Shah. Schmidt method of integration used. Boundary-layer
.1962) 1!p1. :ncl. diagrs, tables. (AF 61(052)267) temperature distributions up to x, = 106 are resented,Unclassifed together with the 'Spalding function- St.c-"). A

Pubhshed in Internat'l. Jour. Heat and Mass Transfer, method is given for the appliction of the solutic-s to
T77M-'7'I189, Dec. 1962. the mse of arbitrary distributlo i of heat flux at the

wall. (Contractor's abstract)
Numerical solution of the partial differential equation
for heat transfer in the incompressible turbulent boand-

ary layer las been obtained for uniform (tL oC u1..cf/2) CutLbCmrde asW * ] Cruft Lab., Cambridge. Mass.

and for Prandtl numbers 0.7, 1 and 7. The Spalding see Harvard U. Cruft Lab., Cambridge. Mass.
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805 ~wi~b losw well-defined boundaries, as opposed to tIs
with well-definejd boundaries, are more amenable to

Delaware U. [Depzt. of Chemical Engineering] NewarL membership changes. RIis hypothesized that a broadly
defined grou can endirace a greater variety of pernoms

:TIEZ OXWATIOK OF MON1 AND ITS ALL40TS AT HIGH than a narrowly defined grou, and the cost to the group
TIMPURATUM~j Losydaet d or fet de an alljiages In the procem of establishing the newcomer is dlmin-
a haode 0, v 4u1e, by C. & Dircheamll. [1M)2 ished. Imnplications for group mwavivul are discussed.
[tp sc la. rets. W=1~-6-0759) (AF AFOSR42-
174) AD 430241 Unclassified

Presooed at Cont. Internationls, des Arts chimiyaes.
(Apr. W5May 4, IM6),Pkrl (France). Documentation, loc., Bethesda, Md.

Alm *1"CioCrre sdas et Anticorrosion, v. 10. FORtMAL RESULTS IN THE LOGIC OF MM ENE, by
53196T=7, Oct. IB3. M_ Jmres- 19621 [4)p. (AFOSR-3227) (AF 49(6M8)-

1146) AD 44OtM3 Unclassified
The mechmaanism and kinetics of the oxdaton of pare
Iran are ovlmed by expeiments which abour the pri- inPhilos. Studies, v. IS- 7- 10, Jan -
cipa Proem of diffaslw mInerfering Inathe growth of; W T
each layw of nyle, the mulfurltiosa of Iran and t"e
*effcs fcr acks and pores. The ofects of the oukidi- Some results caicerning existence In mathematical logic
In gas and of the cownsitluents on Fe-O system wr are dimscused. I is enested that some of the procis
studied. The importance at the inability of the calions are not acceptable in the logic of existence. I would
is explined. The doetbility at the corrTeso. at the semthat Leonard's system of logic would either re-

croisfilm depends ow the inability ofime ions which Jedt the view that it is Contingent that something exsts
caus the growth, sibee the creqi ofa hihe a idIs or hold that the logic of existence is a logically impure

goendby Ionic d~inion. Recent remilts concerning mixtue of necessry and contngent principles.
teffects at -nagmtic phenmmna ow the diffesion of

Fe and its alloys are given..

336 Documentation. Jac-, Bethesda, Md.

Delaware U. Dept. of Chemisitry, Newark. A NOT~E 4K ODVElSION, byIt. U..Joues. [1362] [2)p.
(AFVWI-J244) [AF 49(63U)1146] Unclassified

MADELUNG CONSTANTS FOR THE CALCIUM CARl-
BMlE AND PYRITE CRUTAL STRUCTURES, by R. Also pnblishdw I Mind, Y. 71: 541-542, Oct. 1962.
Wood. [l 162[3k. Inc. tables, refi. (AFOS-2105)
(Al 4(606)1054) AD 611361 'Unclassified Recenly a logic Wa been proposed by Leonard that ad-

mits slugur terms that denote nothing. Insuech a logic
Aloe!ýddI Jour. Chem Phys. , v. 37: 566-900, there Is a certain prAlmn concerning dhversion. Supý-
Aug.1,13mt. pose tht statements of the form fz are interpreted in

mich a may that they are true if and only if the term that
The Madehmg constants for the calcaium carbide and plays the raie of x deontes something to which the term
py"t crystal structues have been calculated assum- that plays the role of f is applicable, but fase if the
In that the nant can be repesented by 2 sqherically conition Is not fulfilled. CowmdL- the following 2
symmetric charge distr~nions. The results Indicate sentences: (1) - Mc and (2) !(- Mz)c. A logic that al-
Oat the assumption that the anion is sipherically syin- lows sos-demoting terms can without harm permit an
mutic can lead to small errors in the case of the Inference from (2) to (1), slnce in this case the premise
pyrite structure and large errors in the case of the is false if the singular term In question does nit demote,
calcium criestructure. (Codnctor's Abstract) while the Icierec is valid in the usul way If that term

does demote. The difficulty rd disallowing an Inference
such as that from (1) to (2) can be met by adopta

607 Quissa deoice of construing all singular terms as ab-
breviationa for definite descriptioms. This device will

Delware U. [Dept- of Psychology] Newark. nit, however, meet the following difficulty which Is very
similar to the owe above concerning chverslon. COR-

TEX NEWCOMER'S ACCEPTANCE IN OPEN AND adrthe sentence "Pericies worshipped Zowe' which
CLOSE) GIROUPS, by R. C. Ziller. [1362] [86p. might be abbevaited as follows: (3) ̀ Wpr.. By a logical
(&FOUI-J425) (AF AFOS-62-95) AD 407716 principal very similar to that by which one passes fromn

Unclassiled (1) to (2), we may pass from (3) toc (4) 1(Wpx)L_ N we
stiM bold to the first agreement above concerning the

SPersonel Ad-'-.-, v. 25-. 24-31, conditions une which a statement of the form fa: is
WOV 196Ltrue, then (4) is fals since:a denotes nothing. Nithe

device of aing all singular terms as abbreviations for
Resuls bulate that closed groups and those which have definite descriptions Is adoped, then (3) and (4) have the
a history of success are likely to reject the ideas of nmie trst vwie, and all such sttements as (3) are
haowlefteable outsiders. a is proposed that groups false.
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810 ~for the analysis of problems about seeni-iolatiat soids,
semi-infinite circular cylluders, and elasitic layer are

Dublin U3. CoIl. (Ireland). written down. Finally, solutions al 2-dimenulaml preb-
lems are discussed.

THE NATURE OF SODIUM EXCHIANGES IN' BOIATED
FROG SARTORII, by D. Conway, Id. G. ffrlsgton.
=nd M. MallaneY. [1962] ' 20)p. incl. diagrs. tables, 812
refs- (Sponsored JoL-1Iy by Air Force Office of Scien-
tific Research under JAF 61(052)4351 and Public Health Duke U. [D,-v. of btathemat~cs] Durham, N. C.
Service) Ila"' ss.1f ed

RESEARCH IN PARTIAL DIFFEREKTIAL MQUATMN39,
P61blished in Jcnur. Physiol. (London). v. 165.- 246-265, by J. J. Gergen. Final rapt. Feb. 23, 1962, 7p.
fe-bTOW. (AFOSR-224) (AF 46(6U)8)92) Unchsasifed

The entrapce of Na ions into tzeiated frog sartoril has A summary df research done on partial 41ff ererAtil
been studied at approx O'C and over a 24 hr period. equations is presented. Topics considered inclpie: the
The e~dernal fluid was of the Rlnger-Couway type. The~ applied mathematics aspects of partial differenial
Na econtent was usually 120 mM and the K content was equations, the perturbation of I-pairameter groasp mat-
varied from 0 to 20 mM. With an emternal Na of 120 tary representations, and Poisson approatinitipg fuse-
mM and a K cmntent of 0 or 2. 5 mM, the ned entrance of tions. In addition, the followft theore is proved: A
Na ions occurred in 2 phases- phase 1 brought the Na compact near-ring with zero radical is the complete
coattat to aboat 40 m-equiv/hg and was ended in 3-4 hr. Cartesian prodact of a family of finite simple near-rIngs
Phase 2, alter a further 20 hr, brought the muscle to
about 50-59 m-equiv/g. The inclusion of omaleain in
the esiernal fluid had no appeciable efect an the Na 613
entrance. With an external K value of 5 mM or more,
the first phase is decresed and the second phase does Duke U. [Dept. of Mathematicsl Durham,, N. C.

£ not occur. Evidence is presented indicating that the
first Phaase of such Na entrance arises from increamn 'WEAK EIGI2(VECTV AND THE FIMCTMVAL CAL-
Permeability involvinag an mater comavrtment of the CULUS, by R- T. Harris. [136] (181. Wuel. refs.
fibers, or the whole fiber in a special group, while the (AFOSR-3141) (AF AFCM-61-51) AD 436179
second phase of Na enrance occurs throfta pores of Unclassifited
normal dimensions into an inner compartment of the
fiber. Normally the outer compartment, if this exists, Aloelsidi Trans. Amer. Mit~A. Soc., v'. f
would appear only as a potential space. From studie 367-354, Dec.IU3.
of the membrane potentials, potssium amut water Con-
tent, and interfiboer space meiasrements, additimi This article constitues; a substantia generalization. of
evidence is presented for the Cornwy membrane theory. the theory of weak eiganvectors dofised by extealtons
It is shown ttat the receo remsul of Stenbabch, using of aspace- Let DCEC-VcD be separable hmach
the sartoril of the Harna piptens, provide further ev'i- spaces; let!I be the set cl strongly coatimacas represen-
dence for the conkcet of a critical energy harrier to the tatioos of the additive groV of reals in 1(E), 2 the set
secretion of Na ton from Na-llAded eartoriL at r 12 such that pr(t) u I sr(t)j DI jyD) is integable

and Crffl,bl0 Is laegrable for each a, b aD, S* the

DkU.[etofMathma~tical Dt~rham, N. C. j~~Il.t) - a rt a(rtI 1 ,

SOLU7ON OFTHE QUAIO~ OF HEROELS- r(-t)J 4 1) and let S(r) be the algebra d %actions f

TIC SQUILDIIRUM, by L N. Seddon. 1196111131p. which are o~ch Fourier traitsforms of a me&;vre Elf on
incl. rots. (AFOM-4728) (AF 18(600)1341) the line such that P rF arnf no* u Din dene t3Anad
AD 41396 Unclassified rO .Oo stestIe r11 f~

Also publishaed in At -h- Meeh. Stoeowaskej, Y'. M14
113-125, 193L 0 e f(a, e jý for fa(n C, and a,, toth sia 3(t for
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